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£/ HUMAN GENES, SEQUENCES AND EXPRESSION PRODUCTS 101 

[0001] This application claims benefit of priority under 35 U.S.C § 120 of U.S. Application 
Serial Nos. 



CD 



i 
"a 



filed November 21, 1997; which in turn claims priority under 35 U.S.C. § 
1 1 9(e) to U.S. Provisional Application Serial No. filed November 25, 1 996; 

filed April 27, 2001; which is a continuation of U.S, Application Serial No. 

filed December 4, 1997, now abandoned; which in turn claims priority under 35 
U.S.C. § 1 19(e) to U.S. Provisional Application Serial No. filed December 6, 1996; 



. Each of the above-recited applications is hereby incorporated by reference in 

its entirety. 

[0002] This application refers to a "Sequence Listing" and Tables listed below, which are 



provided as electronic documents on two identical compact discs (CD-R), labeled "Copy 1" and 
"Copy 2." These compact discs each contain the following files, which are hereby incorporated 
in their entirety herein: 



Document 


File Name 


Size in Bytes 


Date of Creation 


Sequence Listing 


PO101seqList.txt 


71,873052 


07/24/01 


Table 2 


PO101table.txt 


15,939,449 


07/24/01 



[0003] The Sequence Listing and Tables may be viewed on an IBM-PC machine running the 
MS-Windows operating system by using the V viewer software, licensed by HGS, Inc., 
included on the compact discs (see World Wide Web URL: http://www.fileviewer.com). 
[0004] This invention relates to newly identified polynucleotide sequences corresponding to 
transcription products of human genes, and to complete gene sequences associated therewith 
and to expression products thereof as well as to uses for the foregoing. 
[0005] Identification and sequencing of human genes is a major goal of modern scientific 
research. For example, by identifying genes and determining their sequences, scientists have 
been able to make large quantities of valuable human "gene products." These include human 
insulin, interferon, Factor VIII, tumor necrosis factor, human growth hormone, tissue 
plasminogen activator, and numerous other compounds. Additionally, knowledge of gene 
sequences can provide the key to treatment or cure of genetic diseases (such as muscular 
dystrophy and cystic fibrosis). 

[0006] In one aspect, the present invention is directed to each of the DNA sequences and 
molecules (and corresponding RNA sequences) identified in Table 2 and set forth in the 
Sequence Listing, and to fragments or portions of such sequences which contain at least 30 
bases, and preferably at least 50 bases, and to those sequences which are at least 90%, 
preferably at least 95% and especially preferably at least 97% identical thereto, and to DNA 
(RNA) sequences encoding the same polypeptide as the sequences of Table 2 as well as 
fragments and portions thereof. The sequences identified in Table 2 are hereinafter sometimes 
referred to as ESTs (Expressed Sequence Tags). Each such identified sequence is a sequenced 
portion of an overall cDNA sequence contained in a cDNA clone derived from human tissue. 
The three-letter prefix of each EST correlates with the three letter code for the human tissues 
listed in Table 1, infra. 

[0007] In accordance with a further aspect, the present invention is directed to a DNA 
sequence (as well as the corresponding RNA sequence) which is or contains a DNA sequence 

identical to one contained in and isolatable from ATCG Deposit No. _. The DNA 

sequence contained in the deposit is hybridizable under stringent conditions with a DNA 
sequence (EST) identified in Table 2 and set forth in the Sequence Listing. In addition, the 
present invention relates to fragments or portions of the isolated DNA sequences (and 
corresponding RNA sequences) containing at least 30 bases, preferably at least 40 bases and 
more preferably at least 50 bases, as well as sequences which are at least 97% identical thereto, 
as well as DNA (RNA) sequences encoding the same polypeptide. 



[0008] As used herein, a first DNA (RNA) sequence is at least 90%, preferably at least 95% 
and especially preferably at least 97% identical to another DNA (RNA) sequence if there is at 
least 90%, preferably at least 95% and especially preferably at least 97% identity, respectively, 
between the bases of the first sequence and the bases of the other sequence, when properly 
aligned with each other, for example when aligned by BLAST or FAST A. 
[0009] In yet another aspect, the present invention is directed to an isolated DNA (RNA) 
sequence or molecule comprising at least the coding region of a human gene (or a DNA 
sequence encoding the same polypeptide as such coding region), in particular an expressed 
human gene, which human gene comprises a DNA sequence listed in Table 2 or one at least 
90%, preferably at least 95% and especially preferably at least 97% identical thereto, as well as 
fragments or portions of the coding region which encode a polypeptide having a similar 
function to the polypeptide encoded by the coding region. Thus, the isolated DNA (RNA) 
sequence can include only the coding region of the expressed gene (or fragment or portion 
thereof as hereinabove indicated) or can further include all or a portion of the non-coding DNA 
of the expressed human gene. 

[0010] In general, the sequences tabulated in Table 2 (or one at least 90%, preferably at least 
95% and especially preferably at least 97% identical thereto) are from the coding region of a 
human gene; however, it is to be understood that in some cases the sequence of Table 2 is in a 
non-coding region of a human gene. The isolated DNA of the present invention which is in the 
coding region or portion of such gene will not include the EST (or one at least 90%, preferably 
at least 95% and especially preferably at least 97% identical thereto) if such EST is from the 
non-coding portion of the gene, even though such human gene is identified by use of such non- 
coding EST. 

[0011] In yet another aspect, the present invention is directed to an isolated DNA sequence 
(RNA) containing at least the coding region of a human gene or a DNA (RNA) sequence 
encoding the same peptide as such coding region (in particular, an expressed human gene) 
which human gene (either in the coding or non-coding region and in general, in the coding 
region) contains a DNA sequence identical to a cDNA sequence present in ATCC Deposit No. 

, which DNA sequence in such ATCC Deposit is hybridizable under stringent conditions 

with a DNA sequence listed in Table 2. The invention further relates to fragments or portions 
of such coding region which encode a polypeptide having a similar function to the polypeptide 
encoded by the coding region. 

[0012] The present invention further relates to polypeptides encoded by such hereinabove 
noted DNA (RNA) sequences, as well as the production and use of such polypeptides and 



fragments, derivatives and structural modifications thereof with the same function(s) and use(s) 
and to antibodies against such polypeptides. 

[0013] The present invention also relates to vectors or plasmids which include such DNA 
(RNA) sequences, as well as the use of the DNA (RNA) sequences. Table 1 recites a list of 
libraries which comprise the present invention. These materials were deposited with the ATCC 

on and assigned ATCC Deposit No. . The tissues from which the clones were 

derived are listed in Table 1, and the vector in which the cDNA is contained is also indicated in 
Table 1. The deposited material includes the cDNA clones which were partially sequenced and 
listed in Table 2. Thus, the DNA sequence of Table 2 is only a portion of the sequence included 
in the clone from which the sequence was derived. Thus, a clone which is isolatable from the 
ATCC Deposits by use of a sequence listed in Table 2 may include the entire coding region of a 
human gene or in other cases such clone may include a substantial portion of the coding region 
of a human gene. Although the sequence listing lists only a portion of the DNA sequence in a 
clone included in the ATCC Deposits, it is well within the ability of one skilled in the art to 
complete the sequence of the DNA included in a clone isolatable from the ATCC Deposits by 
use of a sequence (or portion thereof) listed in Table 2 by procedures hereinafter further 
described, and others apparent to those skilled in the art. 

[0014] In addition, in the case where a clone isolatable from the ATCC Deposits by use of a 
DNA sequence (or portion thereof) listed in Table 2 does not include the full coding region of a 
human gene, it is well within the scope of those skilled in the art to obtain the full coding region 
by techniques described herein or others in the art. 

[0015] Because coding regions comprise such a small portion of the human genome, 
identification and mapping of transcribed regions and coding regions of chromosomes is of 
significant interest. There is a corresponding need for reagents for identifying and marking 
coding regions and transcribed regions of chromosomes. Furthermore, such human sequences 
are valuable for chromosome mapping, human identification, identification of tissue type and 
origin, forensic identification, and locating disease-associated genes (i.e., genes that are 
associated with an inherited human disease, whether through mutation, deletion, or faulty gene 
expression) on the chromosome. 

[0016] The EST sequences disclosed herein are markers for and components of human genes 
actually transcribed in vivo . Techniques are disclosed for using these ESTs to obtain the full 
coding region of the corresponding gene. The use of ESTs, complete coding sequences, or 
fragments thereof for marking chromosomes, for mapping locations of expressed genes on 
chromosomes, for individual or forensic identification, for mapping locations of disease- 



associated genes, for identification of tissue type, and for preparation of antisense sequences, 
probes, and constructs is discussed in detail below. Unlike the random genomic DNA sequence 
tagged sites (STSs) (Olson et al., Science, 245:1434 (1989)), ESTs point directly to expressed 
genes. 

[0017] Various aspects of the present invention thus include each of the individual ESTs, 
corresponding partial and complete cDNA, genomic DNA, mRNA, antisense strands, triple 
helix probes, PCR primers, coding regions, and constructs. Expression vectors and polypeptide 
expression products, are also within the scope of the present invention, along with antibodies, 
especially monoclonal antibodies, to such expression products. 

[0018] The detailed description that follows provides not only the actual sequence of each 

new EST, but also explains 

[0019] (i) how the ESTs were obtained, 

[0020] (ii) how to obtain the corresponding complete coding region sequence and the 
corresponding genomic DNA sequence, 

[0021] (iii) how to make DNA constructs from the ESTs and corresponding sequences, 
[0022] how to use the ESTs and corresponding coding region sequences as therapeutics in 
gene therapy and resulting polypeptides and proteins as therapeutics, 

[0023] how to use those sequences as reagents in molecular biology and other fields, and 
[0024] how to produce gene products from the ESTs and corresponding sequences and 
antibodies to those gene products. 

[0025] Furthermore, numerous working examples are provided to demonstrate and 
exemplify various aspects of the invention. 

[0026] As used herein and except as noted otherwise, the following terms have the following 
definitions. 

[0027] As used herein, "enriched" means that the concentration of the material is at least 
about 2, 5, 10, 100, or 1000 times its natural concentration (for example) , advantageously 
0,01%, by weight, preferably at least about 0.1% by weight. Enriched preparations of about 
0.5%, 1%, 5%, 10%, and 20% by weight are also contemplated. The sequences, constructs, 
vectors, clones, and other materials comprising the present invention can advantageously be in 
enriched or isolated form. Further, removal of clones corresponding to ribosomal RNA and 
"housekeeping" genes and clones without human cDNA inserts results in a library that is 
"enriched" in the desired clones. 



[0028] The term "isolated" means that the material is removed from its original environment 
(e.g., the natural environment if it is naturally occurring). For example, a naturally-occurring 
polynucleotide or DNA present in a living animal is not isolated, but the same polynucleotide or 
DNA, separated from some or all of the coexisting materials in the natural system, is isolated. 
Such DNA could be part of a vector and/or such polynucleotide could be part of a composition, 
and still be isolated in that such vector or polynucleotide is not part of its natural environment. 
[0029] It is also advantageous that the sequences be in "purified" form. The term "purified" 
does not require absolute purity; rather, it is intended as a relative definition. Individual EST 
clones isolated from a cDNA library have been conventionally purified to electrophoretic 
homogeneity. The cDNA clones are obtained via manipulation of a partially purified naturally 
occurring substance (messenger RNA). By conversion of mRNA into a cDNA library, pure 
individual cDNA clones can be isolated from the synthetic library by clonal selection. Thus, 
creating a cDNA library from RNA and subsequently isolating individual clones from that 
library results in an approximately 10 6 fold purification of the native message. Purification of 
starting material or natural material to at least one order of magnitude, preferably two or three 
orders, and more preferably four or five orders of magnitude is expressly contemplated. 
Furthermore, the claimed polynucleotide which has a purity of preferably 0.001%, or at least 
0.01% or 0.1%; and even desirably 1% by weight or greater is expressly contemplated. 
[0030] The term "coding region" refers to that portion of a human gene which either 
naturally or normally codes for the expression product of that gene in its natural genomic 
environment, i.e., the region coding in vivo for native expression product of the gene. The 
coding region can be from a normal, mutated or changed gene. 

[0031] The term "gene" or "cistron" means the segment of DNA involved in producing a 
polypeptide chain; it includes regions preceding and following the coding region (leader and 
trailer) as well as intervening sequences (introns) between individual coding segments (exons). 
[0032] The term "expression product" means that polypeptide or protein that is the natural 
transcription product of the gene and any nucleic acid sequence coding equivalents based on 
degeneracy of the code coding for the same amino acid(s). 

[0033] The term "fragment" when referring to a coding sequence means a portion of DNA 
comprising less than the complete human coding region whose expression product retains 
essentially the same biological function or activity as the expression product of the complete 
coding region. 
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[0034] The term "primer" means a short nucleic acid sequence that is paired with one strand 
of DNA and provides a free 3 'OH end at which a DNA polymerase starts synthesis of a 
deoxy ribonucleotide chain. 

[0035] The term "promoter" means a region of DNA involved in binding of RNA 
polymerase to initiate transcription. 

[0036] The term "open reading frame (ORF)" means a series of triplets coding for amino 
acids without any termination codons and is a sequence (potentially) translatable into protein. 
[0037] The term "oncogene" means genes whose products have the ability to transform 
eukaryotic cells so that they grow in a manner analogous to tumor cells. Oncogenes carried by 
retroviruses have names of the form v-onc. Proto-oncogenes are the normal counterparts in the 
eukaryotic genome to the oncogenes carried by some retroviruses. They are given names of the 
form c-onc. 

[0038] The term "exon" means any segment of an interrupted gene that is represented in the 
mature RNA product. 

[0039] As used herein reference to a DNA sequence includes both single stranded and 
double stranded DNA. Thus, the specific sequence, unless the context appears otherwise refers 
to the single strand DNA of such sequence, the duplex of such sequence with its complement 
(double stranded DNA) and the complement of such sequence. 

ESTs are obtained from cDNA Libraries 

[0040] The EST sequences of the present invention have been isolated from custom made 
and commercially available cDNA libraries using a rapid screening and sequencing technique. 
In general, the method comprises applying automated DNA sequencing technology to screen 
clones, advantageously randomly selected clones, from a cDNA library. Preferably, the library 
is initially "enriched" by removal of ribosomal sequences and other common sequences prior to 
clone selection. According to the disclosed method, ESTs are generated from partial DNA 
sequencing of the selected clones. The ESTs of the present invention were generated using low 
redundancy of sequencing, typically a single sequencing reaction. While single sequencing 
reactions may have an accuracy as low as 97%, this nevertheless provides sufficient fidelity for 
identification of the sequence and design of PCR primers, as well as for full length sequence 
because of the exceptional amount of laboratory work and resultant chemical/biological 
disclosure reported herein, including that done by automatically cycle sequencing. 
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[0041] The automated sequencing reported here was performed on catalyst robots (Applied 
Biosystems, Inc., Foster City, CA) and 373 Automated DNA Sequencers (Applied Biosystems, 
Inc.). The Catalyst robot is a sophisticated pipetting and temperature controlled robot that has 
been developed specifically for DNA sequencing reactions. The Catalyst combines pre- 
aliquoted templates and reaction mixtures consisting of deoxy- and dideoxynucleotides, the Taq 
thermostable DNA polymerase, fluorescently-labelled sequencing primers, and reaction buffer. 
Reaction mixtures and templates are combined in the wells of an aluminum 96-well 
thermocycling plate. Thirty consecutive cycles of linear amplification (e.g. one primer 
synthesis) steps are performed including denaturation, annealing of primer and template, and 
extension of DNA synthesis. A heated lid on the thermocycling plate prevents evaporation 
without the need for an oil overlay. The Applied Biosystems, Inc. (ABI) system currently used 
for EST sequencing involves use of four dye-labelled sequencing primers, one for each of the 
four terminator nucleotides. Each dye-primer is labelled with a different fluorescent dye, 
permitting the four individual reactions to be combined into one lane of the 373 DNA 
Sequencer for electrophoresis, detection, and base-calling. ABI supplies pre-mixed reaction 
mixes (PRIZM Ready Reaction Kit) containing all the necessary non-template reagents for 
sequencing. These reaction mixtures are stable for at least a year at -20 degrees C. 
[0042] Between 24 and 36 samples are loaded onto each 373 Sequencer each day. 
Electrophoresis is run overnight, and data are collected for twelve hours. Following 
electrophoresis and fluorescence detection, the 373 sequencer performs automatic lane tracking 
and base-calling. The lane-tracking is confirmed visually and data are archived to 8mm tape 
daily. Each sequence chromatogram (or fluorescence lane trace) is inspected visually and 
assessed for quality. Leading vector polylinker sequence and trailing sequence of low quality 
are removed and the sequence itself is loaded via software into the EST database (estdb) which 
is described more fully below. Average edited lengths of sequences from the 373 sequencers 
are about 400 bp and depend most on the quality of the template used for the sequencing 
reaction. Thus depending on the length of the polylinker, ESTs of up to 370 bp are generated 
by single sequencing runs (assuming 30 bp polylinker is removed). 
[0043] ESTs comprise DNA sequences corresponding to a portion of nuclear encoded 
messenger RNA. An EST is of sufficient length to permit: (1) amplification of the specific 
sequence from a cDNA library, e.g., by polymerase chain reaction (PCR) ; (2) use of a synthetic 
polynucleotide corresponding to a partial or complete sequence of the EST as a hybridization 
probe of a cDNA library, generally having about 30 - 50 base pairs; or (3) unique designation of 
the pure cDNA clone from which the EST was derived (the EST clone) for use as a 



hybridization probe of a cDNA library. The length of a partial EST according to the present 
invention can be, for example, approximately 30, 40, 50, 75, 90, 100, or 150 bases. Preferably, 
EST-denved primer pairs and sequences amplify or detectably hybridize to a sequence from a 
genomic library. 

[0044] It has been found that sufficient information is contained in the 150-400 base ESTs 
from one sequencing run to effect preliminary identification and exact chromosome mapping. 
Accordingly, the ESTs disclosed herein are generally at least 150 base pairs in length. The 
length of an EST is determined by the quality of sequencing data and the length of the cloned 
cDNA. Raw data from the automated sequencers are edited to remove low quality sequence at 
the end of the sequencing run. High quality sequences (usually a result of sequencing templates 
without excessive salt contamination) generally give about 400 bp of reliable sequence data; 
other sequences give fewer bases of reliable data. A 150 bp EST is long enough to be translated 
into a 50 amino acid peptide sequence. This length is sufficient to observe similarities when 
they exist in a database search. Furthermore, 150 bp is long enough to design PCR primers from 
each end of the sequence to amplify the complete EST. Sequences shorter than 150 bp are 
difficult to purify and use following PCR amplification. Furthermore, a 150 bp polynucleotide 
is likely to give a very strong signal with low background in a screen of a genomic library. 
[0045] Finally, it is highly unlikely that a sequence of the same 150 bp exists in any genes in 
the genome besides the one tagged by the EST. Some closely related gene family members 
have very similar nucleotide sequences, but no examples of pairs of human genes with long 
segments of identical sequence have been reported to date. 

[0046] As demonstrated in the Examples that follow, ESTs can be used to map the expressed 
sequence to a particular chromosome. In addition, ESTs can be expanded to provide the full 
coding regions, as detailed below. Previously unknown genes are identified in this manner. 
[0047] While a variety of cDNA libraries can be used to obtain ESTs, the cDNA libraries 
listed below are exemplified and represent a preferred embodiment. Suitable cDNA libraries 
can be freshly prepared or obtained commercially. The cDNA libraries from the desired tissue 
are preferably preprocessed by conventional techniques to reduce repeated sequencing of high 
and intermediate abundance clones and to maximize the chances of finding rare messages from 
specific cell populations. Preferably, preprocessing includes the use of defined composition 
prescreening probes, e.g., cDNA corresponding to mitochondria, abundant sequences, 
ribosomes, actins, myelin basic polypeptides, or any other known high abundance peptide; these 
prescreening probes used for preprocessing are generally derived from known ESTs. Other 
useful preprocessing techniques include subtraction, which preferentially reduces the population 



of certain sequences in the library (e.g., see A. Swaroop et al., Nucl. Acids Res., 19: 1954 
(1991)), and normalization, which results in all sequences being represented in approximately 
equal proportions in the library (Patanjali et al, Proc. Natl. Acad. Sci. USA, 88: 1943 (1991)). 
[0048] The cDNA libraries used in the present method ideally use directional cloning 
methods so that either the 5' end of the cDNA (likely to contain coding sequence) or the 3 'end 
(likely to be a non-coding sequence) can be selectively obtained. 

[0049] Libraries of cDNA can also be generated from recombinant expression of genomic 
DNA. After they are amplified, ESTs can be obtained and sequenced, e.g., as illustrated in 
Example 9. 

[0050] The sequences of the present invention include each of the specific sequences set 
forth in the Sequence Listing and designated SEQ ID NOS: 1-55,551. In one aspect of this 
embodiment, the invention relates to those sequences of SEQ ID NOS: 1-55,551 that are part of 
the cDNA coding sequences for polypeptides where the polypeptide encoded by the EST has 
less than 95% identity and preferably also less than 95% similarity to a polypeptide sequence 
encoded by a known corresponding DNA sequence (see ESTs in Table 2) and more preferably 
less than 90% or 85% identity. In another aspect, the invention relates to those sequences of 
SEQ ID NOS: 1-55,551 that have less than 95% identity with known DNA sequences. As used 
herein, the term "similarity" with respect to amino acid sequences means that an amino acid 
sequence and conserved amino acid substituents thereof are compared to another amino acid 
sequence. Thus, an amino acid sequence and substituted conservative amino acid are compared 
to another amino acid sequence to determine "similarity." 

[0051] By a polynucleotide having a nucleotide sequence at least, for example, 95% 
"identical" to a reference nucleotide sequence of the present invention, it is intended that the 
nucleotide sequence of the polynucleotide is identical to the reference sequence except that the 
polynucleotide sequence may include up to five point mutations per each 100 nucleotides of the 
reference nucleotide sequence encoding the polypeptide. In other words, to obtain a 
polynucleotide having a nucleotide sequence at least 95% identical to a reference nucleotide 
sequence, up to 5% of the nucleotides in the reference sequence may be deleted or substituted 
with another nucleotide, or a number of nucleotides up to 5% of the total nucleotides in the 
reference sequence may be inserted into the reference sequence. The query sequence may be an 
entire sequence shown in Table 1, the ORF (open reading frame), or any fragment specified as 
described herein. As a practical matter, whether any particular nucleic acid molecule or 
polypeptide is at least 90%, 95%, 96%, 97%, 98% or 99% identical to a nucleotide sequence of 
the presence invention can be determined conventionally using known computer programs. A 



preferred method for determining the best overall match between a query sequence (a sequence 
of the present invention) and a subject sequence, also referred to as a global sequence 
alignment, can be determined using the FASTDB computer program based on the algorithm of 
Brutlag et al. (Comp. App. Biosci. (1990) 6:237-245). In a sequence alignment the query and 
subject sequences are both DNA sequences. An RNA sequence can be compared by converting 
IPs to T's. The result of said global sequence alignment is in percent identity. Preferred 
parameters used in a FASTDB alignment of DNA sequences to calculate percent identity are: 
Matrix=Unitary, k-tuple=4, Mismatch Penalty=l, Joining Penal ty=30, Randomization Group 
Length=0, Cutoff Score=i, Gap Penalty=5, Gap Size Penalty 0.05, Window Size=500 or the 
lenght of the subject nucleotide sequence, whichever is shorter. 

[0052] If the subject sequence is shorter than the query sequence because of 5' or 3' 
deletions, not because of internal deletions, a manual correction must be made to the results. 
This is because the FASTDB program does not account for 5' and 3' truncations of the subject 
sequence when calculating percent identity. For subject sequences truncated at the 5' or 3' 
ends, relative to the query sequence, the percent identity is corrected by calculating the number 
of bases of the query sequence that are 5' and 3' of the subject sequence, which are not 
matched/aligned, as a percent of the total bases of the query sequence. Whether a nucleotide is 
matched/aligned is determined by results of the FASTDB sequence alignment. This percentage 
is then subtracted from the percent identity, calculated by the above FASTDB program using 
the specified parameters, to arrive at a final percent identity score. This corrected score is what 
is used for the purposes of the present invention. Only bases outside the 5' and 3' bases of the 
subject sequence, as displayed by the FASTDB alignment, which are not matched/aligned with 
the query sequence, are calculated for the purposes of manually adjusting the percent identity 
score. For example, a 90 base subject sequence is aligned to a 100 base query sequence to 
determine percent identity. The deletions occur at the 5' end of the subject sequence and 
therefore, the FASTDB alignment does not show a matched/alignment of the first 10 bases at 5' 
end. The 10 unpaired bases represent 10% of the sequence (number of bases at the 5' and 3' 
ends not matched/total number of bases in the query sequence) so 10% is subtracted from the 
percent identity score calculated by the FASTDB program. If the remaining 90 bases were 
perfectly matched the final percent identity would be 90%. In another example, a 90 base 
subject sequence is compared with a 100 base query sequence. This time the deletions are 
internal deletions so that there are no bases on the 5' or 3' of the subject sequence which are not 
matched/aligned with the query. In this case the percent identity calculated by FASTDB is not 
manually corrected. Once again, only bases 5' and 3' of the subject sequence which are not 



matched/aligned with the query sequence are manually corrected for. No other manual 
corrections are made for the purposes of the present invention. 

[0053] By a polypeptide having an amino acid sequence at least, for example, 95% 
"identical" to a query amino acid sequence of the present invention, it is intended that the amino 
acid sequence of the subject polypeptide is identical to the query sequence except that the 
subject polypeptide sequence may include up to five amino acid alterations per each 100 amino 
acids of the query amino acid sequence. In other words, to obtain a polypeptide having an 
amino acid sequence at least 95% identical to a query amino acid sequence, up to 5% of the 
amino acid residues in the subject sequence may be inserted, deleted, (indels) or substituted 
with another amino acid. These alterations of the reference sequence may occur at the amino or 
carboxy terminal positions of the reference amino acid sequence or anywhere between those 
terminal positions, interspersed either individually among residues in the reference sequence or 
in one or more contiguous groups within the reference sequence. 

[0054] As a practical matter, whether any particular polypeptide is at least 90%, 95%, 96%, 
97%, 98% or 99% identical to, for instance, the amino acid sequences shown in Table 1 or to 
the amino acid sequence encoded by deposited DNA clone can be determined conventionally 
using known computer programs. A preferred method for determining the best overall match 
between a query sequence (a sequence of the present invention) and a subject sequence, also 
referred to as a global sequence alignment, can be determined using the FASTDB computer 
program based on the algorithm of Brutlag et al. (Comp. App. Biosci. (1990) 6:237-245). In a 
sequence alignment the query and subject sequences are either both nucleotide sequences or 
both amino acid sequences. The result of said global sequence alignment is in percent identity. 
Preferred parameters used in a FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2, 
Mismatch Penalty=i, Joining Penalty=20, Randomization Group Length=0, Cutoff Score=l, 
Window Size=sequence length, Gap Penalty=5, Gap Size Penalty=0.05, Window Size=500 or 
the length of the subject amino acid sequence, whichever is shorter. 

[0055] If the subject sequence is shorter than the query sequence due to N- or C-terminal 
deletions, not because of internal deletions, a manual correction must be made to the results. 
This is because the FASTDB program does not account for N- and C-terminal truncations of the 
subject sequence when calculating global percent identity. For subject sequences truncated at 
the N- and C-termini, relative to the query sequence, the percent identity is corrected by 
calculating the number of residues of the query sequence that are N- and C-terminal of the 
subject sequence, which are not matched/aligned with a corresponding subject residue, as a 
percent of the total bases of the query sequence. Whether a residue is matched/aligned is 



determined by results of the FASTDB sequence alignment. This percentage is then subtracted 
from the percent identity y calculated by the above FASTDB program using the specified 
parameters, to arrive at a final percent identity score. This final percent identity score is what is 
used for the purposes of the present invention. Only residues to the N- and C-termini of the 
subject sequence, which are not matched/aligned with the query sequence, are considered for 
the purposes of manually adjusting the percent identity score. That is, only query residue 
positions outside the farthest N- and C-terminal residues of the subject sequence. 
[0056] For example, a 90 amino acid residue subject sequence is aligned with a 100 residue 
query sequence to determine percent identity. The deletion occurs at the N-terminus of the 
subject sequence and therefore, the FASTDB alignment does not show a matching/alignment of 
the first 10 residues at the N-terminus. The 10 unpaired residues represent 10% of the sequence 
(number of residues at the N- and C- terrriini not matched/total number of residues in the query 
sequence) so 10% is subtracted from the percent identity score calculated by the FASTDB 
program. If the remaining 90 residues were perfectly matched the final percent identity would 
be 90%. In another example, a 90 residue subject sequence is compared with a 100 residue 
query sequence. This time the deletions are internal deletions so there are no residues at the N- 
or C-termini of the subject sequence which are not matched/aligned with the query. In this case 
the percent identity calculated by FASTDB is not manually corrected. Once again, only residue 
positions outside the N- and C-terminal ends of the subject sequence, as displayed in the 
FASTDB alignment, which are not matched/aligned with the query sequence are manually 
corrected for. No other manual corrections are made for the purposes of the present invention. 

Complete Coding Region DNA Sequences Recovered Usin g ESTs 

[0057] The ESTs of the present invention generally represent relatively small coding regions 
or untranslated regions of human genes. Although these EST sequences do not generally code 
for a complete gene product, they are highly specific markers for the corresponding complete 
coding regions. The ESTs are of sufficient length that they will hybridize, under stringent 
conditions, only with DNA for that gene to which they correspond. Suitably stringent 
conditions comprise conditions, for example, where at least 95%, preferably at least 97% or 
98% identity (base pairing), is required for hybridization. This property permits use of the EST 
to isolate the entire coding region and even the entire sequence. Therefore, only routine 
laboratory work is necessary to parlay the unique EST sequence into the corresponding unique 
complete gene sequence. 



[0058] Thus, each of the ESTs of the present invention "corresponds" to or is a part of a 
particular unique human gene. Knowledge of the EST sequence permits isolation and 
sequencing of the complete coding sequence of the corresponding gene. The complete coding 
sequence is present in a full-length cDNA clone as well as in the gene carried on genomic 
clones. Therefore, each EST also "corresponds" to or is a part of a complete genomic gene 
sequence, and may or may not be DNA which is included in a polypeptide coding region of the 
gene. 

[0059] The first step in determining where an EST is located in the cDNA is to analyze the 
EST for the presence of coding sequence, e.g., as described in Example 10. The CRM program 
predicts the extent and orientation of the coding region of a sequence. Based on this 
information, one can infer the presence of start or stop codons within a sequence and whether 
the sequence is completely coding or completely noncoding. If start or stop codons are present, 
then the EST can cover both part of the 5 -untranslated or 3 - untranslated part of the mRNA 
(respectively) as well as part of the coding sequence. If no coding sequence is present, it is 
likely that the EST is derived from the 3 '-untranslated sequence due to its longer length and the 
fact that most cDNA library construction methods are biased toward the 3' end of the mRNA. 
[0060] An EST is a specific tag for a messenger RNA molecule. The complete sequence of 
that messenger RNA, in the form of cDNA, can be determined using the EST as a probe to 
identify a cDNA clone corresponding to a full-length transcript, followed by sequencing of that 
clone. The EST or the full-length cDNA clone can also be used as a probe to identify a 
genomic clone or clones that contain the complete gene including regulatory and promoter 
regions, exons, and introns. 

[0061] ESTs are used as probes to identify the cDNA clones from which an EST was 

derived. ESTs, or portions thereof, can be nick-translated or end-labelled with 32 P using 
polynucleotide kinase labeling methods known to those with skill in the art (Basic Methods in 
Molecular Biology, L.G. Davis, M.D. Dibner, and J.F. Battey, ed., Elsevier Press, NY, 1986). 
A lambda library can be directly screened with the labelled ESTs of interest or the library can 
be converted en masse to pBIuescript (Stratagene Cloning Systems, 1 1099 N. Torrey Pines 
Road, La Jolla, CA 92037) to facilitate bacterial colony screening. Regarding pBIuescript, see 
Sambrook et aL, Molecular Cloning-A Laboratory Manual, Cold Spring Harbor Laboratory 
Press (1989), pg. 1.20. Both methods are well known in the art. Briefly, filters with bacterial 
colonies containing the library in pBIuescript or bacterial lawns containing lambda plaques are 
denatured and the DNA is fixed to the filters. The filters are hybridized with the labelled probe 
using hybridization conditions described by Davis et al, supra . The ESTs, cloned into lambda 



or pBluescript, can be used as positive controls to assess background binding and to adjust the 
hybridization and washing stringencies necessary for accurate clone identification. The resulting 
autoradiograms are compared to duplicate plates of colonies or plaques; each exposed spot 
corresponds to a positive colony or plaque. The colonies or plaques are selected, expanded and 
the DNA is isolated from the colonies for further analysis and sequencing. 
[0062] The ESTs can additionally be used to screen Northern blots of mRNA obtained from 
various tissues or cell cultures, including the tissue of origin of the EST clone. Northern 
analysis will most often produce one to several positive bands. The bands can be selected for 
further study based on the predicted size of the mRNA. 

[0063] Positive cDNA clones in phage lambda are analyzed to determine the amount of 
additional sequence they contain using PCR with one primer from the EST and the other primer 
from the vector. Clones with a larger vector-insert PCR product than the original EST clone are 
analyzed by restriction digestion and DNA sequencing to determine whether they contain an 
insert of the same size or similar as the mRNA size on a Northern blot. 

[0064] Once one or more overlapping cDNA clones are identified, the complete sequence of 
the clones can be determined. The preferred method is to use exonuclease III digestion 
(McCombie, W.R, Kirkness, E., Fleming, J.T., Kerlavage, A.R., Iovannisci, D.M., and Martin- 
Gallardo, R., Methods, 3:33-40, 1991). A series of deletion clones is generated, each of which 
is sequenced. The resulting overlapping sequences are assembled into a single contiguous 
sequence of high redundancy (usually three to five overlapping sequences at each nucleotide 
position), resulting in a highly accurate final sequence. 

[0065] A similar screening and clone selection approach can be applied to obtaining cosmid 
or lambda clones from a genomic DNA library that contains the complete gene from which the 
EST was derived (Kirkness, E.F., Kusiak, J.W., Menninger, J., Gocayne, J.D., Ward, D.C., and 
Venter, J.C., Genomics 10: 985-995 (1991). Although the process is much more laborious, these 
genomic clones can be sequenced in their entirety also. A shotgun approach is preferred to 
sequencing clones with inserts longer than 10 kb (genomic cosmid and lambda clones). In 
shotgun sequencing, the clone is randomly broken into many small pieces, each of which is 
partially sequenced. The sequence fragments are then aligned to produce the final contiguous 
sequence with high redundancy. An intermediate approach is to sequence just the promoter 
region and the intron-exon boundaries and to estimate the size of the introns by restriction 
endonuclease digestion (ibid.). 

[0066] Using the sequence information provided herein, the polynucleotides of the present 
invention can be derived from natural sources or synthesized using known methods. The 



sequences falling within the scope of the present invention are not limited to the specific 
sequences described, but include human allelic and species variations thereof and portions 
thereof of at least 15-18 bases, preferably at least 25, 40, or 50 bases, and more preferably at 
least 75, 90, 100, 125, or 150 bases. (Sequences of at least 15-18 bases can be used, for 
example, as PCR primers or as DNA probes.) In addition, the invention includes the entire 
coding sequence associated with the specific polynucleotide sequence of bases described in the 
Sequence Listing, as well as portions of the entire coding sequence of at least 15-18 bases, 
preferably at least 25, 40, or 50 bases, and more preferably at least 75, 90, 100, 125, or 150 
bases, and allelic and species variations thereof. Allelic variations can be routinely determined 
by comparison of one sequence with a sequence from another individual of the same species. 
Furthermore, to accommodate codon variability, the invention includes sequences coding for 
the same amino acid sequences as do the specific sequences disclosed herein. In other words, in 
a coding region, substitution of one codon for another which encodes the same amino acid is 
expressly contemplated. (Coding regions can be determined through routine sequence analysis.) 
[0067] Any specific sequence disclosed herein can be readily screened for errors by 
resequencmg each EST in both directions (i.e., sequence both strands of cDNA). Alternatively, 
error screening can be performed by sequencing corresponding polynucleotide of human origin 
isolated by using part or all of the EST in question as a probe or pnmer. 
[0068] In a cDNA library there are many species of mRNA represented. Each cDNA clone 
can be interesting in its own right, but must be isolated from the library before further 
experimentation can be completed. In order to sequence any specific cDNA, it must be 
removed and separated (i.e. isolated and purified) from all the other sequences. This can be 
accomplished by many techniques known to those of skill in the art. These procedures normally 
involve identification of a bacterial colony containing the cDNA of interest and further 
amplification of that bacteria. Once a cDNA is separated from the mixed clone library, it can be 
used as a template for further procedures such as nucleotide sequencing. 
[0069] Although claims to large numbers of ESTs and corresponding sequences are 
presented herein, the invention is not limited to these particular groupings of sequences. Thus, 
individual sequences are considered as applicants' discoveries or inventions, as are 
subgroupings of sequences. 

DNA Constructs 

[0070] The present invention also includes recombinant constructs comprising one or more 
of the sequences as broadly described above. The constructs comprise a vector, such as a 



plasmid or viral vector, into which a sequence of the invention has been inserted, in a forward 
or reverse orientation. In a preferred aspect of this embodiment, the construct further comprises 
regulatory sequences, including for example, a promoter, operably linked to the sequence. 
Large numbers of suitable vectors and promoters are known to those of skill in the art, and are 
commercially available. The following vectors are provided by way of example. Bacterial: 
pBS, phagescnpt, PsiX174, pBluescript SK, pBS KS, pNH8a, pNH16a, pNH18a, pNH46a 
(Stratagene); P Trc99A, pKK223-3, pKK233-3, pDR540, pRIT5 (Pharmacia). 
[0071] Eukaryotic: pWLneo, pSV2cat, pOG44, pXTl, pSG (Stratagene) pSVK3, pBPV, 
pMSG, pSVL (Pharmacia). 

[0072] Promoter regions can be selected from any desired gene using CAT (chloramphenicol 
transferase) vectors or other vectors with selectable markers. Two appropriate vectors are 
pKK232-8 and pCM7. Particular named bacterial promoters include lad, lacZ, T3, T7, gpt, 
lambda Pr, and trc. Eukaryotic promoters include CMV immediate early, HSV thymidine 
kinase, early and late SV40, LTRs from retrovirus, and mouse metallothionein-I. Selection of 
the appropriate vector and promoter is well within the level of ordinary skill in the art. 
[0073] In a further embodiment, the present invention relates to host cells containing the 
above-described construct. The host cell can be a higher eukaryotic cell, such as a mammalian 
cell, or a lower eukaryotic cell, such as a yeast cell, or the host cell can be a procaryotic cell, 
such as a bacterial cell. Introduction of the construct into the host cell can be effected by 
calcium phosphate transfection, DEAE, dextran mediated transfection, or electroporation 
(Davis, L., Dibner, M., Battey, L, Basic Methods in Molecular Biology, 1986)). 
[0074] The constructs in host cells can be used in a conventional manner to produce the gene 
product coded by the recombinant sequence. Alternatively, the encoded polypeptide can be 
synthetically produced by conventional peptide synthesizers. 

ESTs and Corresponding Sequences as Reagents 

[0075] Each of the cDNA sequences identified herein (and the corresponding complete gene 
sequences) can be used in numerous ways as polynucleotide reagents. The sequences can be 
used as diagnostic probes for the presence of a specific mRNA in a particular cell type. In 
addition, these sequences can be used as diagnostic probes suitable for use in genetic linkage 
analysis (polymorphisms). Further, the sequences can be used as probes for locating gene 
regions associated with genetic disease, as explained in more detail below. 
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[0076] The ESTs and complete gene sequences of the present invention are also valuable for 
chromosome identification. Each sequence is specifically targeted to and can hybridize with a 
particular location on an individual human chromosome. Moreover, there is a current need for 
identifying particular sites on the chromosome. Few chromosome marking reagents based on 
actual sequence data (repeat polymorphisms) are presently available for marking chromosomal 
location. The mapping of ESTs and cDNAs to chromosomes according to the present invention 
is an important first step in correlating those sequences with genes associated with disease. 
[0077] Briefly, sequences can be mapped to chromosomes by preparing PCR primers 
(preferably 15-25 bp) from the ESTs. Computer analysis of the ESTs is used to rapidly select 
primers that do not span more than one exon in the genomic DNA, thus complicating the 
amplification process. These primers are then used for PCR screening of somatic cell hybrids 
containing individual human chromosomes. Only those hybrids containing the human gene 
corresponding to the EST will yield an amplified fragment. 

[0078] PCR mapping of somatic cell hybrids is a rapid procedure for assigning a particular 
EST to a particular chromosome. Three or more clones can be assigned per day using a single 
thermal cycler. Using the present invention with the same oligonucleotide primers, 
sublocalization can be achieved with panels of fragments from specific chromosomes or pools 
of large genomic clones in an analogous manner. Other mapping strategies that can similarly be 
used to map an EST to its chromosome include in situ hybridization, prescreening with labeled 
flow-sorted chromosomes and preselection by hybridization to construct chromosome specific - 
cDNA libraries. 

[0079] Fluorescence in situ hybridization (FISH) of a cDNA clone to a metaphase 
chromosomal spread can be used to provide a precise chromosomal location in one step. This 
technique can be used with cDNA as short as 500 or 600 bases; however, clones larger than 
2,000 bp have a higher likelihood of binding to a unique chromosomal location with sufficient 
signal intensity for simple detection. FISH requires use of the clone from which the EST was 
derived, and the longer the better. For example, 2,000 bp is good, 4,000 is better, and more than 
4,000 is probably not necessary to get good results a reasonable percentage of the time. For a 
review of this technique, see Verma et al, Human Chromosomes: a Manual of Basic 
Techniques. Pergamon Press, New York (1988). 

[0080] Reagents for chromosome mapping can be used individually (to mark a single 
chromosome or a single site on that chromosome) or as panels of reagents (for marking multiple 
sites and/or multiple chromosomes). 



[0081] Once a sequence has been mapped to a precise chromosomal location, the physical 
position of the sequence on the chromosome can be correlated with genetic map data. (Such 
data are found, for example, in V. McKusick, Mendelian Inheritance in Man (available on line 
through Johns Hopkins University Welch Medical Library).) The relationship between genes 
and diseases that have been mapped to the same chromosomal region are then identified through 
linkage analysis (coinheritance of physically adjacent genes). 

[0082] Next, it is necessary to determine the differences in the cDNA or genomic sequence 
between affected and unaffected individuals. If a mutation is observed in some or all of the 
affected individuals but not in any normal individuals, then the mutation is likely to be the 
causative agent of the disease. 

[0083] With current resolution of physical mapping and genetic mapping techniques, a 
cDNA precisely localized to a chromosomal region associated with the disease could be one of 
between 50 and 500 potential causative genes. (This assumes 1 megabase mapping resolution 
and one gene per 20 kb.) 

[0084] Comparison of affected and unaffected individuals generally involves first looking 
for structural alterations in the chromosomes, such as deletions or translocations that are visible 
from chromosome spreads or detectable using PCR based on that cDNA sequence. Ultimately, 
complete sequencing of genes from several individuals is required to confirm the presence of a 
mutation and to distinguish mutations from polymorphisms. 

[0085] In addition to the foregoing, the sequences of the invention, as broadly described, can 
be used to control gene expression through triple helix formation or antisense DNA or RNA, 
both of which methods are based on binding of a polynucleotide sequence to DNA or RNA. 
Polynucleotides suitable for use in these methods are usually 20 to 40 bases in length and are 
designed to be complementary to a region of the gene involved in transcription (triple helix - see 
Lee et al, Nucl. Acids Res., 6:3073 (1979); Cooney et al, Science, 241:456 (1988) ; and Dervan 
et al, Science, 251: 1360 (1991) ) or to the mRNA itself (antisense - Okano, J. Neurochem., 
56:560 (1991) ; Oligodeoxynucleotides as Antisense Inhibitors of Gene Expression, CRC Press, 
Boca Raton, FL (1988)). Triple helix-formation optimally results in a shut-off of RNA 
transcription from DNA, while antisense RNA hybridization blocks translation of an mRNA 
molecule into polypeptide. Both techniques have been demonstrated to be effective in model 
systems. Information contained in the sequences of the present invention is necessary for the 
design of an antisense or triple helix oligonucleotide. 

[0086] The present invention is also a useful tool in gene therapy, which requires isolation of 
the disease-associated gene in question as a prerequisite to the insertion of a normal gene into an 



organism to correct a genetic defect. The high specificity of the cDNA probes according to this 
invention have promise of targeting such gene locations in a highly accurate manner. 
[0087] The sequences of the present invention, as broadly defined, are also useful for 
identification of individuals from minute biological samples. The United States military, for 
example, is considering the use of restriction fragment length polymorphism (RFLP) for 
identification of its personnel. In this technique, an individual's genomic DNA is digested with 
one or more restriction enzymes, and probed on a Southern blot to yield unique bands for 
identifying personnel. This method does not suffer from the current limitations of "Dog Tags" 
which can be lost, switched, or stolen, making positive identification difficult. The sequences 
of the present invention are useful as additional DNA markers for RFLP. 
[0088] However, RFLP is a pattern based technique, which does not require the DNA 
sequence of the individual to be sequenced. The sequences of the present invention can be used 
to provide an alternative technique that determines the actual base-by-base DNA sequence of 
selected portions of an individual's genome. These sequences can be used to prepare PCR 
primers for amplifying and isolating such selected DNA. One can, for example, take an EST of 
the invention and prepare two PCR primers from the 5' and 3' ends of the EST. These are used 
to amplify an individual's DNA, corresponding to the EST. The amplified DNA is sequenced. 
[0089] Panels of corresponding DNA sequences from individuals, made this way, can 
provide unique individual identifications, as each individual will have a unique set of such DNA 
sequences, due to allelic differences. The sequences of the present invention can be used to 
particular advantage to obtain such identification sequences from individuals and from tissue, as 
further described in the Examples. The EST sequences from Example 1 and the complete 
sequences from Examples 3 and 9 uniquely represent portions of the human genome. Allelic 
variation occurs to some degree in the coding regions of these sequences, and to a greater 
degree in the noncoding regions. It is estimated that allelic variation between individual 
humans occurs with a frequency of about once per each 500 bases. Each of the ESTs or 
complete coding sequences comprising a part of the present invention can, to some degree, be 
used as a standard against which DNA from an individual can be compared for identification 
purposes. Because greater numbers of polymorphisms occur in the noncoding regions, fewer 
sequences are necessary to differentiate individuals. 

[0090] If a panel of reagents from ESTs or complete sequences of this invention is used to 
generate a unique ID database for an individual, those same reagents can later be used to 
identify tissue from that individual. Positive identification of that individual, living or dead can 
be made from extremely small tissue samples. 



[0091] Another use for DNA-based identification techniques is in forensic biology. PCR 
technology can be used to amplify DNA sequences taken from very small biological samples 
such as tissues, e.g., hair or skin, or body fluids, e.g., blood, saliva, semen, etc. In one prior art 
technique, gene sequences are amplified at specific loci known to contain a large number of 
allelic variations, for example the DQa class II HLA gene (Erlich, K, PCR Technology, 
Freeman and Co. (1992)). Once this specific area of the genome is amplified, it is digested with 
one or more restriction enzymes to yield an identifying set of bands on a Southern blot probed 
with DNA corresponding to the DQa class II HLA gene. 

[0092] The sequences of the present invention can be used to provide polynucleotide 
reagents specifically targeted to additional loci in the human genome, and can enhance the 
reliability of DNA-based forensic identifications. As mentioned above, actual base sequence 
information can be used for identification as an accurate alternative to patterns formed by 
restriction enzyme generated fragments. Reagents for obtaining such sequence information are 
within the scope of the present invention. Such reagents can comprise complete genes, ESTs or 
corresponding coding regions, or fragments of either of at least 15 bp, preferably at least 18 bp. 
[0093] There is also a need for reagents capable of identifying the source of a particular 
tissue. Such need arises, for example, in forensics when presented with tissue of unknown 
origin. Appropriate reagents can comprise, for example, DNA probes or primers specific to 
particular tissue prepared from the ESTs or complete sequences of the present invention. Panels 
of such reagents can identify tissue by species and/or by organ type. In a similar fashion, these 
reagents can be used to screen tissue cultures for contamination. 

Productio n of Poly peptide Corresponding to ESTs 

[0094] Once the coding sequence is known, or the gene is cloned which encodes the 
polypeptide, conventional techniques in molecular biology can be used to obtain the 
polypeptide. 

[0095] At the simplest level, the amino acid sequence can be synthesized using 
commercially available peptide synthesizers. This is particularly useful in producing small 
peptides and fragments of larger polypeptides. (Fragments are useful, for example, in generating 
antibodies against the native polypeptide.) 

[0096] Alternatively, the DNA encoding the desired polypeptide can be inserted into a host 
organism and expressed. The organism can be a bacterium, yeast, cell line, or multicellular 
plant or animal. The literature is replete with examples of suitable host organisms and 
expression techniques. For example, polynucleotide (DNA or mRNA) can be injected directly 



into muscle tissue of mammals, where it is expressed. This methodology can be used to deliver 

the polypeptide to the animal, or to generate an immune response against a foreign polypeptide. 

Wolff, et al., Science , 247:1465 (1990); Feigner, et ah, Nature , 349:351 (1991). Alternatively, 

♦ 

the coding sequence, together with appropriate regulatory regions (i.e., a construct), can be 
inserted into a vector, which is then used to transfect a cell. The cell (which may or may not be 
part of a larger organism) then expresses the polypeptide. (See Example 23.) Such techniques 
are discussed in more detail below. 

) 

Recombinant Production Techniques and Purification 

[0097] "Substantially equivalent," can refer both to nucleic acid and amino acid sequences, 
for example a mutant sequence, that varies from a reference sequence by one or more 
substitutions, deletions, or additions, the net effect of which does not result in an adverse 
functional dissimilarity between reference and. subject sequences. For purposes of the present 
invention, sequences having equivalent biological activity, and equivalent expression 
characteristics are considered substantially equivalent. For purposes of determining 
equivalence, truncation of the mature sequence should be disregarded. 
[0098] "Recombinant," as used herein, means that a protein is derived from recombinant 
(e.g., microbial or mammalian) expression systems. "Microbial" refers to recombinant proteins 
made in bacterial or fungal (e.g., yeast) expression systems. As a product, "recombinant 
microbial" defines a protein essentially free of native endogenous substances and 
unaccompanied by associated native glycosylation. Protein expressed in most bacterial 
cultures, e.g., E. coli, will be free of glycosylation modifications; protein expressed in yeast will 
have a glycosylation pattern different from that expressed in mammalian cells. 
[0099] "DNA segment" refers to a DNA polymer, in the form of a separate fragment or as a 
component of a larger DNA construct, which has been derived from DNA isolated at least once 
in substantially pure form, i.e., free of contaminating endogenous materials and in a quantity or 
concentration enabling identification, manipulation, and recovery of the segment and its 
component nucleotide sequences by standard biochemical methods, for example, using a 
cloning vector. Such segments are provided in the form of an open reading frame uninterrupted 
by internal nontranslated sequences, or introns, which are typically present in eukaryotic genes. 
Sequences of non-translated DNA may be present downstream from the open reading frame, 
where the same do not interfere with manipulation or expression of the coding regions. 
[0100] "Nucleotide sequence" refers to a heteropolymer of deoxyribonucleotides. Generally, 
DNA segments encoding the proteins provided by this invention are assembled from cDNA 



fragments and short oligonucleotide linkers, or from a series of oligonucleotides, to provide a 
synthetic gene which is capable of being expressed in a recombinant transcriptional unit 
comprising regulatory elements derived from a microbial or viral operon. 
[0101] "Recombinant expression vehicle or vector" refers to a plasmid or phage or virus or 
vector, for expressing a polypeptide from a DNA (RNA) sequence. The expression vehicle can 
comprise a transcriptional unit comprising an assembly of (1) a genetic element or elements 
having a regulatory role in gene expression, for example, promoters or enhancers, (2) a 
structural or coding sequence which is transcribed into mRNA and translated into protein, and 
(3) appropriate transcription initiation and termination sequences. Structural units intended for 
use in yeast or eukaryotic expression systems preferably include a leader sequence enabling 
extracellular secretion of translated protein by a host cell. Alternatively, where recombinant 
protein is expressed without a leader or transport sequence, it may include an N-terminal 
methionine residue. This residue may or may not be subsequently cleaved from the expressed 
recombinant protein to provide a final product. 

[0102] "Recombinant expression system" means host cells which have stably integrated a 
recombinant transcriptional unit into chromosomal DNA or carry the recombinant 
transcriptional unit extra chromosomally. The cells can be prokaryotic or eukaryotic. 
Recombinant expression systems as defined herein will express heterologous protein upon 
induction of the regulatory elements linked to the DNA segment or synthetic gene to be 
expressed. 

[0103] Mature proteins can be expressed in mammalian cells, yeast, bacteria, or other cells 
under the control of appropriate promoters. Cell-free translation systems can also be employed 
to produce such proteins using RNAs derived from the DNA constructs of the present invention. 
Appropriate cloning and expression vectors for use with prokaryotic and eukaryotic hosts are 
described by Sambrook, et al., Molecular Cloning: A Laboratory Manual Second Edition, 
(Cold Spring Harbor, N.Y., 1989), the disclosure of which is hereby incorporated by reference. 
[0104] Generally, recombinant expression vectors will include origins of replication and 
selectable markers permitting transformation of the host cell, e.g., the ampicillin resistance gene 
of E. coli and S. cerevisiae TRP1 gene, and a promoter derived from a highly-expressed gene to 
direct transcription of a downstream structural sequence. Such promoters can be derived from 
operons encoding glycolytic enzymes such as 3-phosphoglycerate kinase (PGK), a-factor, acid 
phosphatase, or heat shock proteins, among others. The heterologous structural sequence is 
assembled in appropriate phase with translation initiation and termination sequences, and 
preferably, a leader sequence capable of directing secretion of translated protein into the 



periplasmic space or extracellular medium. Optionally, the heterologous sequence can encode a 
fusion protein including an N-terminal identification peptide imparting desired characteristics, 
e.g., stabilization or simplified purification of expressed recombinant product. 
[0105] Useful expression vectors for bacterial use are constructed by inserting a structural 
DNA sequence encoding a desired protein together with suitable translation initiation and 
termination signals in operable reading phase with afunctional promoter. The vector will 
comprise one or more phenotypic selectable markers and an origin of replication to ensure 
maintenance of the vector and to, if desirable, provide amplification within the host. Suitable 
prokaryotic hosts for transformation include E. coli, Bacillus subtilis , Salmonella typhi murium 
and various species within the genera Pseudomonas, Streptomyces, and Staphylococcus, 
although others may, also be employed as a matter of choice. 

[0106] As a representative but nonlimiting example, useful expression vectors for bacterial 
use can comprise a selectable marker and bacterial origin of replication derived from 
commercially available plasmids comprising genetic elements of the well known cloning vector 
pBR322 (ATCC 37017). Such commercial vectors include, for example, pKK223-3 (Pharmacia 
Fine Chemicals, Uppsala, Sweden) and GEM 1 (Promega Biotec, Madison, WI, USA). These 
pBR322 "backbone" sections are combined with an appropriate promoter and the structural 
sequence to be expressed. 

[0107] Following transformation of a suitable host strain and growth of the host strain to an 
appropriate cell density, the selected promoter is derepressed by appropriate means (e.g., 
temperature shift or chemical induction) and cells are cultured for an additional period. Cells 
are typically harvested by centrifugation, disrupted by physical or chemical means, and the 
resulting crude extract retained for further purification. 

[0108] Various mammalian cell culture systems can also be employed to express 
recombinant protein. Examples of mammalian expression systems include the COS-7 lines of 
monkey kidney fibroblasts, described by Gluzman, Cell , 23:175 (1981), and other cell lines 
capable of expressing a compatible vector, for example, the C127, 3T3, CHO, HeLa and BHK 
cell lines. Mammalian expression vectors will comprise an origin of replication, a suitable 
promoter and enhancer, and also any necessary ribosome binding sites, polyadenylation site, 
splice donor and acceptor sites, transcriptional termination sequences, and 5' flanking 
non transcribed sequences. DNA sequences derived from the SV40 viral genome, for example, 
SV40 ongin, early promoter, enhancer, splice, and polyadenylation sites may be used to provide 
the required non transcribed genetic elements. 



[0109] Recombinant protein produced in bacterial culture is usually isolated by initial 
extraction from cell pellets, followed by one or more salting-out, aqueous ion exchange or size 
exclusion chromatography steps. Protein refolding steps can be used, as necessary, in 
completing configuration of the mature protein. Finally, high performance liquid 
chromatography (HPLC) can be employed for final purification steps. Microbial cells 
employed in expression of proteins can be disrupted by any convenient method, including 
freeze-thaw cycling, sonication, mechanical disruption, or use of cell lysing agents. 

Antibody Production and Use 

[0110] The protein, its fragments or other derivatives, or analogs thereof, or cells expressing 
them can be used as an immunogen to produce antibodies thereto. These antibodies can be, for 
example, polyclonal, monoclonal, chimeric, single chain, Fab fragments, or the product of an 
Fab expression library. Various procedures known in the art may be used for the production of 
polyclonal antibodies. 

[0111] Antibodies generated against the polypeptide corresponding to a sequence of the 
present invention can be obtained by direct injection of the polypeptide into an animal or by 
administering the polypeptide to an animal, preferably a nonhuman. The antibody so obtained 
will then bind the polypeptide itself. In this manner, even a sequence encoding only a fragment 
of the polypeptide can be used to generate antibodies binding the whole native polypeptide. 
Such antibodies can then be used to isolate the polypeptide from tissue expressing that 
polypeptide. Moreover, a panel of such antibodies, specific to a large number of polypeptides, 
can be used to identify and differentiate such tissue. 

[0112] For preparation of monoclonal antibodies, any technique which provides antibodies 
produced by continuous cell line cultures can be used. Examples include the hybridoma 
technique (Kohler and Milstem, 1975, Nature, 256:495-497), the tnoma technique, the human 
B-cell hybridoma technique (Kozbor et aL, 1983, Immunology Today 4:72), and the EBV- 
hybridoma technique to produce human monoclonal antibodies ( Cole , et al., 1985, in 
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 
[0113] Techniques described for the production of single chain antibodies (U.S. Patent 
4,946,778) can be adapted to produce single chain antibodies to immunogenic polypeptide 
products of this invention. 

[0114] The antibodies can be used in methods relating to the localization and activity of the 
protein sequences of the invention, e.g., for imaging these proteins, measuring levels thereof in 
appropriate physiological samples and the like. 



[0115] As hereinabove indicated, the sequences of Table 2 are a portion of an expressed 
human gene and a DNA sequence including at least the coding region from such human gene 
can be used to produce a polypeptide expression product. Table 2 provides a putative 
identification of the type of polypeptide which is encoded by the human gene which includes a 
DNA sequence of Table 2. As a result of the putative identification of the polypeptide encoded 
by the human gene which includes an EST sequence of Table 2 (or one having at least a 90%, 
preferably at least a 95% and especially preferably at least a 97% identity thereto) with respect 
to known types of polypeptides, one skilled in the art can use the polypeptides of the present 
invention for therapeutic and diagnostic purposes consistent with the type of putative 
identification of the polypeptide. Similarly, such putative identification permits one skilled in 
the art to use the complete human gene sequence or coding portion thereof in a manner similar 
to the known type of sequences for which the putative identification is made; for example, for 
diagnostic and/or therapeutic purposes. 

[0116] The present invention also provides pharmaceutical compositions. Such 
compositions comprise a therapeutically effective amount of the protein, and a pharmaceutical^ 
acceptable carrier or excipient. Such a carrier includes but is not limited to saline, buffered 
saline, dextrose, water, glycerol, ethanol, and combinations thereof. The formulation should 
suit the mode of administration. 

[0117] The invention also provides a pharmaceutical pack or kit comprising one or more 
containers filled with one or more of the ingredients of the pharmaceutical compositions of the 
invention. Associated with such container(s) can be a notice in the form prescribed by a 
governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological 
products, which notice reflects approval by the agency of manufacture, use or sale for human 
administration. 

[0118] The present invention comprises the following embodiments: 

[0119] 1 . An isolated DNA sequence comprising DNA having at least a 95% identity to a 

DNA sequence selected from the group consisting of SEQ ED NOs: 1-55,551. 

[0120] 2. An isolated RNA sequence comprising RNA corresponding to any of the DNA 

sequences or fragments of Claim 1. 

[0121] 3. An isolated DNA sequence comprising a DNA sequence identical to a DNA 

sequence contained in and isolatable from ATCC Deposit No. by hybridization under 

stringent conditions with a DNA sequence of Claim L 



[0122] 4. An isolated RNA sequence comprising RNA corresponding to any of the DNA 
sequences or fragments of Claim 3. 

[0123] 5. An isolated DNA sequence comprising at least the polypeptide coding region of a 
human gene, said human gene including a DNA sequence of Claim 1. 

[0124] 6. An isolated DNA sequence comprising at least the polypeptide coding region of a 
human gene, said human gene including a DNA sequence of Claim 3. 

[0125] 7. The isolated DNA sequence of Claim 6 which expresses a human protein when in 
a suitable expression system. 

[0126] 8. An expression vehicle comprising the DNA sequence of Claim 1. 

[0127] 9. An expression vehicle comprising the DNA.sequence of Claim 3. 

[0128] 10. An expression vehicle comprising the DNA sequence of Claim 5. 

[0129] 1 1. An expression vehicle comprising the DNA sequence of Claim 7. 

[0130] 12. A polypeptide encoded by the DNA sequence of Claim 5 and active fragments, 

derivatives and functional analogs thereof. 

[0131] 13. A polypeptide encoded by the DNA sequence of Claim 6 and active fragments, 
derivatives and functional analogs thereof. 

[0132] 14. The isolated DNA sequence of Claim 1 wherein the DNA sequence has at least a 
90% identity to a DNA sequence selected from the group consisting of SEQ ID NOs:l-55,551. 
[0133] 15. The isolated DNA sequence of Claim 1 wherein the DNA sequence has at least a 
97% identity to a DNA sequence selected from the group consisting of SEQ ID NOS: 1-55,551. 
[0134] 16. The isolated DNA sequence of Claim 1 wherein the DNA sequence has a 100% 
identity to a DNA sequence selected from the group consisting of SEQ ID NOS: 1-55,551. 
[0135] 17. A process for producing a polypeptide comprising expressing a polypeptide by 
use of DN A of Claim 5. 

DNA encoding the same polypeptide as the DNA of Claim 5. 
DNA encoding the same polypeptide as the DNA of Claim 6. 
An antibody against a polypeptide of Claim 12. 

A mixture of DNA sequences, said mixture containing at least thirty different 
DNA sequences of Claim 1. 

[0140] 22. Cells engineered with DNA of Claim 5. 

[0141] 23. A process for producing cells for expressing a polypeptide comprising genetically 
engineering cells with DNA of Claim 5. 



[0136] 18. 

[0137] 19. 

[0138] 20. 

[0139] 21. 



[0142] 24. An isolated DNA sequence comprising a fragment of DNA having a sequence 
selected from the group consisting of SEQ ID NOS: 1-55,551, wherein said fragment comprises 
at least 30 sequential bases of said sequence. 

[0143] 25. The isolated DNA of Claim 1, wherein said DNA is identical to a DNA sequence 
selected from the group consisting of SEQ ID NOS: 1-55,551. 

[0144] 26. An isolated DNA sequence containing at least the coding region of a human 
gene, said human gene including a DNA sequence of Claim 25. 

[0145] An isolated DNA sequence which includes at least the polypeptide coding region of a 
human gene, which isolated DNA is hybridizable to the DNA contained in a clone selected 

ATCC Deposit Material 

[0146] EST sequences of the present invention (SEQ ID NOS: 1-55,551) are identified in 
Table 2, below, by EST identifiers. Deposits containing clones having the EST sequences have 
been submitted to the American Type Culture Collection (10801 University Boulevard, 
Manassas, Virginia 20110-2209 USA). 

[0147] All deposits have been made in accordance with the Budapest Treaty, and in full 
compliance with 37 CFR 1.801 et seq. 

[0148] To identify the ATCC Deposit which contains the cDNA clone having an EST 
sequence of interest, reference to Tables 1 and 2 is made. Library names contain four 
characters, for example, "HST'B." The name of a cDNA clone isolated from that library begins 
with the same four characters, for example "HSTBA17". Likewise an EST corresponding to the 
same clone would contain the clone name "HSTBA17" as well as additional identification, for 
example, "HSTBA17R " As mentioned, Table 2 correlates EST names with SEQ ID NOS. 
Thus, starting with an EST sequence one can use Tables 1 and 2 to determine which library it 
came from and which ATCC deposit the library is contained in. 

[0149] Also provided in Table 1 is the name of the vector which contains the cDNA clone. 
Each vector is routinely used in the art. The following additional information is provided for 
convenience. 

[0150] Vectors Lambda Zap (U.S. Patent Nos. 5,128,256 and 5,286,636), Uni-Zap XR (U.S. 
Patent Nos. 5,128, 256 and 5,286,636), Zap Express (U.S. Patent Nos. 5,128,256 and 
5,286,636), pBluescript (pBS) (Short, J. M. et al., Nucleic Acids Res. 76:7583-7600 (1988); 
Alting-Mees, M. A. and Short, J. M., Nucleic Acids Res. 77:9494 (1989)) and pBK (Alting- 
Mees, M. A. et al, Strategies 5:58-61 (1992)) are commercially available from Stratagene 



Cloning Systems, Inc., 1 101 1 N. Torrey Pines Road, La Jolla, CA, 92037. pBS contains an 
ampicillin resistance gene and pBK contains a neomycin resistance gene. Phagemid pBS may 
be excised from the Lambda Zap and Uni-Zap XR vectors, and phagemid pBK may be excised 
from the Zap Express vector. Both phagemids may be transformed into E. coli strain XL-1 
Blue, also available from Stratagene. 

[0151] Vectors pSportl, pCMVSport 1.0, pCMVSport 2.0 and pCMVSport 3.0, were 
obtained from Life Technologies, Inc., P. O. Box 6009, Gaithersburg, MD 20897. All Sport 
vectors contain an ampicillin resistance gene and may be transformed into E. coli strain DH10B, 
also available from Life Technologies. See, for instance, Gruber, C. E., et al., Focus 75:59- 
(1993). Vector lafmid BA (Bento Soares, Columbia University, New York, NY) contains an 
ampicillin resistance gene and can be transformed into E. coli strain XL-1 Blue. Vector 
pCR®2.1, which is available from Invitrogen, 1600 Faraday Avenue, Carlsbad, CA 92008, 
contains an ampicillin resistance gene and may be transformed into E. coli strain DH10B, 
available from Life Technologies. See, for instance, Clark, J. M., Nuc. Acids Res. 76:9677- 
9686 (1988) and Mead, D. et al, Bio/Technology 9: (1991). 

[0152] Certain aspects of the present invention are described in greater detail in the non- 
limiting Examples that follow. 



EXAMPLE 1 

cDNA Sequences Determined by Random Clone Selection 



Preparation of cDNA Libraries 

[0153] Tissues and cells used for preparation of RNA were obtained from various sources 
including the National Disease Research Interchange, Cooperative Human Tissue Network, and 
the American Red Cross. In order to ensure the integrity of the RNA tissues, only samples that 
were snap frozen in liquid nitrogen were obtained and fresh samples of blood products were 
used. Total cellular RNA was prepared fromtissues by the guanidiniunvphenol method as 
previously described (P. Chomczynski and N. Sacchi, Anal. Biochem., 162 : 156-159 (1987)) 
using RNAzoI (Cinna-Biotecx) and an additional ethanol precipitation of the RNA was 
included. Poly A rnRNA was isolated from the total RNA using oligo dT-coated latex beads 
(Qiagen). Two rounds of poly A selection were performed to ensure better separation from 
non-polyadenylated material when sufficient quantities of total RNA were available. 
[0154] The mRNA selected on the oligo dT was used for the synthesis of cDNA by a 
modification of the method of Gubler and Hoffman (Gubler, U. and B J. Hoffman, 1983, Gene, 
25:263). The first strand synthesis was performed using either Moloney murine reverse 
transcriptase (Stratagene) or Superscript II (RNase H minus Moloney murine reverse 
transcriptase, Gibco-BRL). First strand synthesis was primed using a primer/linker containing 
an Xho I restriction site. The nucleotide mix used in the synthesis contains methylated dCTP to 
prevent restriction within the cDNA sequence. For second-strand synthesis E. coli polymerase 

Klenow fragment was used and [32p]_dATP was incorporated as a tracer of nucleotide 
incorporation. 

[0155] Following 2nd strand synthesis the cDNA was made blunt ended using either T4 
DNA polymerase or Klenow fragment. Eco RI adapters were added to the cDNA and the 
cDNA was restricted with Xho I. The cDNA was size fractionated over a Sephacryl S-500 
column (Pharmacia) to remove excess linkers and cDNAs under approximately 500 base pairs. 
[0156] The cDNA was cloned unidirectionally into the Eco RLXho I sites of either 
pBluescript II phagemid or lambda Unizap XR (Stratagene). In the case of cloning into 
pBluescnpt II, the plasmids were electroporated into E. coli SURE competent cells (Stratagene). 
When the cDNA was cloned into Uni-Zap XR it was packaged using the Gigipack II packaging 
extract (Stratagene). The packaged phage were used to infect Sure cells and amplified. The 
pBluescript phagemid containing the cDN A inserts are excised from the lambda Zap phage 



using the helper phage ExAssist (Stratagene). The rescued phagemid is plated on SOLR E. coli 
cells (Statagene). 

Preparation of Sequencing Templates 

Template DNA for sequencing was prepared by 1) a boiling method or 2) PCR 
amplification. 

[0157] The boiling method was a modification of the method of Holmes and Quigley 
(Holmes, D.S. and M. Quigley, 1981, Anal. Biochem., 114:193). Colonies from either cDNA 
cloned into Bluescript II or rescued Bluescnpt phagemid were grown in an enriched bacterial 
media overnight. 400 [A of cells were centrifuged and resuspended in STET (0.1M NaCl, 
lOmM TRIS Ph 8.0, 1.0 mM EDTA and 5% Triton X-100) including lysozyme (80 jug/ml) and 
RNase A (4 jug/ml). Cells were boiled for 40 seconds and centrifuged for 10 minutes. The 
supernatant was removed and the DNA was precipitated with PEG/NaCl and washed with 70% 
ethanol (2x). Templates were resuspended in water at approximately 250 ng//xl. 
[0158] Preparation of templates by PCR was a modification of the method of Rosenthal, et al 
(Rosenthal, et al., Nucleic Acids Res., 1993, 21:173-174). Colonies containing cDNA cloned 
into pBluescript II or rescued pBluescript phagemid were grown overnight in LB containing 
ampicillin in a 96 well tissue culture plate. Two \x\ of the cultures were used as template in PCR 
reaction (Saiki, RK, et al., Science, 239:487-493, 1988; and Saiki, RK, et al., Science, 
230:1350-1354, 1985) using a tricine buffer system (Ponce and Micol, Nucleic Acids Res., 
1992, 20:1992.) and 200 uM dNTPs. The primer set chosen for amplification of the templates 
was outside of primer sites chosen for sequencing of the templates. The primers used were 5 1 - 
ATGCTTCCGGCTCGT ATG-3 ' (SEQ ID NO:55,552) which is 5' of the M13 reverse sequence 
in pBluescript and 5'-GGGTTTTCCCAGTCACGAC-3' (SEQ ID NO:55,553), which is 3 prime 
of the M13 forward primer in pBluescript. Any primers which correspond to the sequence 
flanking the Ml 3 forward and reverse sequences could be used. Perkin-Elmer 9600 
thermocyclers were used for amplification of the templates with the following cycler conditions: 
5 min at 94 degrees C (i cycle); (20 sec at 94 degrees C); 20 sec at 55 degrees C (1 min at 72 
degrees C) (30 cycles); 7 min at 72 degrees C (1 cycle). Following amplification the PCR 
templates were precipitated using PEG/NaCl and washed three times with 70% ethanol. The 
templates were resuspended in water. 

[0159] The several human cDNA libraries, some of which prepared as described above, 
giving assigned Library IDs (Lib. ID) and the tissue used as sources of clones for sequencing 
are set forth in Table 1 . 



RESULTS: 

[0160] A directional library would be expected to contain a bias toward coding sequence at 
the 5' end of the insert relative to the 3' end. Two measures of coding content, peptide database 
matches (obtained by searching a comprehensive database with the "basic local alignment 
search tool" BLAST (Altschul, et al., J. Mol. Biol., 215:403-410, 1990), and the GRAIL coding- 
region prediction program (Uberbacher, et al., Proc, Natl Acad. Sci. USA, 88:11261-1 1265, 
1991) were used to estimate the coding percentage of 5' and 3' end sequences, as explained in 
Example 2. 



TABLE 1 



Libraries owned by Catalog 


Catalog Description 


Vector 


ATCC 
Deposit 


HUKA HUKB HUKC HUKD HUKE 
HUKF HUKG 


Human Uterine Cancer 


Lambda ZAP II 




HCNA HCNB 


Human Colon 


Lambda Zap II 




HFFA 


Human Fetal Brain, random primed 


Lambda Zap II 




HTWA 


Resting T-Cell 


Lambda ZAP II 




HBQA. 


Early Stage Human Brain, random 
primed 


Lambda ZAP II 




HI MR HI MF HI MG HLMH HLMI 

nLlvlD ni_jvir i ilivi^i i ii_ivii i i ii_jvm 

HLMJ HLMM HLMN 


breast lymph node CDNA library 


Lambda ZAP II 




HCQA HCQB 


human colon cancer 


Lamda ZAP II 




HMEA HMEC HMED HMEE 
HMEF HMEG HMEI HMEJ HMEK 
HMEL 


Human Microvascular Endothelial 
Cells, tract. A 


Lambda ZAP II 




HUSA HUSC 


Human Umbilical Vein Endothelial 
Cells, tract. A 


Lambda ZAP II 




HLQA HLQB 


Hepatocellular Tumor 


Lambda ZAP II 




HHGA HHGB HHGC HHGD 


Hemangiopericytoma 


Lambda ZAP II 




HSDM 


Human Striatum Depression, re- 
rescue 


Lambda ZAP II 




HUSH 


H Umbilical Vein Endothelial Cells, 
frac A, re-excision 


Lambda ZAP II 




HSGS 


Salivary gland, subtracted 


Lambda ZAP II 




HFXA HFXB HFXC HFXD HFXE 
HFXF HFXG HFXH 


Brain frontal cortex 


Lambda ZAP II 




HPQA HPQB HPQC 


PERM TF274 


Lambda ZAP II 




HFXJ HFXK 


Brain Frontal Cortex, re-excision 


Lambda ZAP II 




HCWA HCWB HCWC HCWD 
HCWE HCWF HCWG HCWH 
HCWI HCWJ HCWK 


CD34 positive cells (Cord Blood) 


ZAP Express 




HCUA HCUB HCUC 


CD34 depleted Buffy Coat (Cord 
Blood) 


ZAP Express 




HRSM 


A-14 cell line 


ZAP Express 




HRSA 


A1-CELL LINE 


ZAP Express 




HCUD HCUE HCUF HCUG 
HCUH HCUI 


CD34 depleted Buffy Coat (Cord 
Blood), re-excision 


ZAP Express 




HBXE HBXF HBXG 


H. Whole Brain #2, re-excision 


ZAP Express 





Libraries owned by Catalog 


Catalog D scription 


Vector 


Al l/Lr 

D posit 


HRLM 


L8 cell line 


ZAP Express 




HBXA HBXB HBXC HBXD 


Human Whole Brain #2 - Oligo dT > 
1.5Kb 


ZAP Express 




HUDA HUDB HUDC 


Testes 


ZAP Express 




HHTM HHTN HHTO 


H. hypothalamus, frac A;re-excision 


ZAP Express 




HHTL 


H. hypothalamus, frac A ! 


ZAP Express 




HASA HASD 


Human Adult Spleen 


Uni-ZAP XR 




HFKC HFKD HFKE HFKF HFKG 


Human Fetal Kidney 


Uni-ZAP XR 




HE8A HE8B HE8C HE8D HE8E 
HF8F HE8M HE8N 


Human 8 WeeK Whole bmoryo 


1 Ini "7 A D YD 

Uni-zLAr An 




HGBA HGBD HGBE HGBF 
HGBG HGBH HGBI 


Human Gall Bladder 


Uni-ZAP XR 




HLHA HLHB HLHC HLHD HLHE 
HLHF HLHG HLHH HLHQ > 


Human Fetal Lung 111 


Uni-ZAP XR 




HPMA HPMB HPMC HPMD 
HPME HPMFHPMG HPMH 


Human Placenta 


Uni-ZAP XR 




HPRA HPRB HPRC HPRD 


Human Prostate 


Uni-ZAP XR 




HSIA HSIG HSID HSIE 


Human Adult Small Intestine 


Uni-ZAP XR 




HTEA HTEB HTEC HTED HTEE 
HTEF HTEG HTEH HTEI HTEJ 
HTEK 


Human Testes 


Uni-ZAP XR 




HTPA HTPB HTPC HTPD HTPE 


Human Pancreas Tumor 


Uni-ZAP XR 




HTTA HTTB HTTC HTTD HTTE 
HTTF 


Human Testes Tumor 


Uni-ZAP XR | 




HAPA HAPB HAPC HAPM 


Human Adult Pulmonary 


Uni-ZAP XR 




HETA HETB HETC HETD HETE 
HETF HETG HETH HETI 


Human Endometrial Tumor 


Uni-ZAP XR 




HHFB HHFC HHFD HHFE HHFF 
HHFG HHFH HHFI 


Human Fetal Heart 


Uni-ZAP XR 




uupq j-iHPP HHPD HHPF HHPF 
nnr d nnru nnr u nnr l i ii u i 

HHPG HHPH 


Human HiDDOcamous 


Uni-ZAP XR 




HCE1 HCE2 HCE3 HCE4 HCE5 
HCEB HCEC HCED HCEE HCEF 
HCEG 


Human Cerebellum 


Uni-ZAP XR 




HUVB HUVC HUVD HUVE 


Human Umbilical Vein, Endo. 


Uni-ZAP XR 




HSTA HSTB HSTC HSTD 


Human Skin Tumor 


Uni-ZAP XR 




HTAA HTAB HTAC HTAD HTAE 


Human Activated T-Cells 


Uni-ZAP XR 




HFEA HFEB HFEC 


Human Fetal Epithelium (Skin) 


Uni-ZAP XR 




HJPA HJPB HJPC HJPD 


HUMAN JURKAT MEMBRANE 
BOUND POLYSOMES 


Uni-ZAP XR 




HESA 


Human epithelioid sarcoma 


Uni-Zap XR 




HLTA HLTB HLTC HLTD HLTE 

Ml TP 
liL I r 


Human T-Cell Lymphoma 


Uni-ZAP XR 




HFTA HFTB HFTC HFTD 


Human Fetal Dura Mater 


Uni-ZAP XR 




HRDA HRDB HRDC HRDD 

upnc uqnF 
nnUt MnUr 


Human Rhabdomyosarcoma 


Uni-ZAP XR 




HCAA HCAB HCAC 


Cem cells cyclohexamide treated 


Uni-ZAP XR 




HRGA HRGB HRGC HRGD 


Raji Cells, cyclohexamide treated 


Uni-ZAP XR 




HSUA HSUB HSUC HSUM 


Supt Cells, cyclohexamide treated 


Uni-ZAP XR 




HT4A HT4C HT4D 


Activated T-Cells, 12 hrs. 


Uni-ZAP XR 




HE9A HE9B HE9C HE9D HE9E 
HE9F HE9G HE9H HE9M HE9N 


Nine Week Old Early Stage Human 


Uni-ZAP XR 




HATA HATB HATC HATD HATE 


Human Adrenal Gland Tumor 


Uni-ZAP XR 




HT5A 


Activated T-Cells, 24 hrs. 


Uni-ZAP XR 





Libraries owned by Catalog < 


Catalog Description 1 


\f ctor i 


MCC 
Deposit 


HFGA HFGM 


Human Fetal Brain 


Uni-ZAP XR 




HNEA HNEB HNEC HNED HNEE 


Human Neutrophil 


Uni-ZAP XR • 




HBGB HBGD 


Human Primary Breast Cancer 


Uni-ZAP XR 




HBNA HBNB 


Human Normal Breast 


Uni-ZAP XR 




HCAS 


Cem Cells, cyclohexamide treated, 
subtra 


Uni-ZAP XR 




HHPS 


Human Hippocampus, subtracted 


pBS 




HKCS HKCU 1 


Human Colon Cancer, subtracted 


pBS 




HRGS 


Raji cells, cyclohexamide treated, 
subtracted 


pBS 




HSUT 


Supt cells, cyclohexamide treated, 
differentially expressed 


pBS 




HT4S 


Activated T-Cells, 12 hrs, subtracted 


Uni-ZAP XR 




HCDA HCDB HCDC HCDD 
HCDE 


Human Chondrosarcoma 


Uni-ZAP XR 




HOAA HOAB HOAC 


Human Osteosarcoma 


Uni-ZAP XR 




HTLA HTLB HTLC HTLD HTLE 
HTLF 


Human adult testis, large inserts 


Uni-ZAP XR 




HLMA HLMC HLMD 


Breast Lymph node cDNA library 


Uni-ZAP XR 




H6EA H6EB H6EC 


HL-60, PMA 4H 


Uni-ZAP XR 




HTXA HTXB HTXC HTXD HTXE 
HTXF HTXG HTXH 


Activated T-Cell (12hs)/Thiouridine 
labelledEco 


Uni-ZAP XR 




HNFA HNFB HNFC HNFD HNFE 
HNFF HNFb HNhn HNrJ 


Human Neutrophil, Activated 


Uni-ZAP XR 




HTOB HTOC 


HUMAN TONSILS, FRACTION 2 


Uni-ZAP XR 




HMGB 


Human OB MG63 control fraction I 


Uni-ZAP XR 




HOPB 


Human OB HOS control fraction I 


Uni-ZAP XR 




HORB 


Human OB HOS treated (10 nM E2) 
fraction I 


Uni-ZAP XR 




HSVA HSVB HSVC 


Human Chronic Synovitis 


Uni-ZLMr An 




HROA 


HUMAN STUMAOH 


1 Ini 7AP YR 




HBJA HBJB HBJC HBJD HBJE 
HBJF HBJG HBJH HBJI HBJJ 
HBJK 


HUMAN B CELL LYMPHOMA 


Uni-ZAP XR 




HCRA HCRB HCRC 


human corpus colosum 


1 Ini 7AP YR 
Uni-Z.Ar AM 




HODA HODB HODC HODD 


human ovarian cancer 


1 Ini 7AP YR 

uni-i.Mr An 




HDSA 


Dermatofibrosarcoma Protuberance 


1 Ini 7AP YP 

uni-z.Mr Arl 




i it n ■ r m i it m a i r*l 1 t ft M A i 1 \ ft ill A / ! \ 

HMWA HMWB HMWC HMWD 
HMWE HMWF HMWG HMWH 
HMWl HMWJ 


D^-.--* ti An rr/Mjj O/vll 1 ihn /DC/I ' i A \ 

bone Marrow oeii Line (no4, i i ; 


1 lni-7AP XR 

uni-Z-Mi An 




HSOA 


stomach cancer (human) 


Uni-ZAP XR 




HERA 


SKIN 


Uni-ZAP XR 




HMDA 


Brain-medulloblastoma 


Uni-ZAP XR 




HGL A HGLB HGLD 


Glioblastoma 


Uni-ZAP XR 




HEAA 


H. Atrophic Endometrium 


Uni-ZAP XR 




HBCA HBCB 


H. Lymph node breast Cancer 


Uni-ZAP XR 




HPWT 


Human Prostate BPH, re-excision 


Uni-ZAP XR 




HFVG HFVH HFVI 


Fetal Liver, subtraction II 


pBS 




HNFI 


Human Neutrophils, Activated, re- 
excision 


pBS 




HBMB HBMC HBMD 


Human Bone Marrow, re-excision 


pBS 




HKML HKMM HKMN 


H. Kidney Medulla, re-excision 


pBS 




HKIX HKIY 


H. Kidney Cortex, subtracted 


pBS 





Libraries owned by Catalog 


Catalog Description 


Vector 


ATCC 
ueposii 


HADT 


H. Amygdala Depression, 
subtracted 


pBS 




H6AS 


HI-60, untreated, subtracted 


Uni-ZAP XR 




H6ES 


HL-60, PMA 4H, subtracted 


Uni-ZAP XR 




H6BS 


HL-60, RA 4n, Subtracted 


Uni-ZAP XR 




H6CS 


HL-60, PMA id, subtracted 


i i — : 7AD YD 

Um-Z.Ar An 




HTXJ HTXK 


Activated T-cell(1 2h)/Thiouridine-re- 
excision 


1 Ini ~7 A D VP 

Uni-Z.Ar An 




HMSA HMSB HMSC HMSD 
HMSE HMSF HMSG HMSH 

i it n o i i i ft it r~\ i 1 f ft A iS 

HMSI HMSJ HMSK 


Monocyte activated 


Uni-ZAr An 




HAGA HAGB HAGC HAGD 
HAGE HAGF 


Human Amygdala 


Uni-ZAP XR 




HSRA HSRB HSRE 


STROMAL -OSTEOCLASTOMA 


Uni-ZAP XR 




HSRD HSRF HSRG HSRH 


Human Osteoclastoma Stromal 
Cells - unamplified 


Uni-ZAP XR 




HSQA HSQB HSQC-HSQD 
HSQE HSQF HSQG 


Stromal cell TF274 


Uni-ZAP XR 




HSKA HSKB HSKC HSKD HSKE 
HSKF HSKZ 


Smooth muscle, serum treated 


Uni-ZAP XR 




H^l A HSLB HSL C HSLD HSLE 
HSLF HSLG 


Smooth muscle, control 


Uni-ZAP XR 




HSDA HSDD HSDE HSDF HSDG 
HSDH 


Spinal cord 


Uni-ZAP XR 




HPWS 


Prostate-BPH subtracted II 


pBS 




HSKW HSKX HSKY 


Smooth Muscle- HASTE normalized 


pBS 




HFPB HFPC HFPD 


H. Frontal cortex,epileptic;re- 
excision 


Uni-ZAP XR 




HSDI HSDJ HSDK 


Spinal Cord, re-excision 


Uni-ZAP XR 




H^KN HSKO 
noi\iN norvu 


Smooth Muscle Serum Treated, 
Norm 


pBS 




HSKH H9KH HSKI 
noixu i ioi\i i i iuim 


Smooth muscle, serum induced, re- 
exc 


pBS 




HFCA HFCB HFCC HFCD HFCE 

HFPF 

nrur 


Human Fetal Brain 


Uni-ZAP XR 




HPT A HPTB HPTD 


Human Pituitary 


Uni-ZAP XR 




HTHB HTHC HTHD 


Human Thymus 


1 l n ; 7AD V D 

Uni-ZAr XH 




HE6B HE6C HE6D HE6E HE6F 
HE6G HE6S 


Human Whole Six Week Old 
Embryo 


Uni-ZAr XH 




HSSA HSSB HSSC HSSD HSSE 
HSSF HSSG HSSH HSSI HSSJ 
HSSK 


Human Synovial Sarcoma 


1 Ir-.; "7 A D VD 

Uni-Z.Ar An 




HE7T 


7 Week Old Early Stage Human, 
subtracted 


Uni-ZAP XR 




HEPAHEPB HEPC 


Human Epididymus 


Uni-ZAP XR 




HSNAHSNB HSNC HSNM 
HSNN 


Human Synovium 


Uni-ZAP XR 




HPFR HPFC HPFD HPFF 
i 1 1 i d nil w riii vj iii i i — 


Human Prostate Cancer, Stage C 
fraction 


Uni-ZAP XR 




HE2A HE2D HE2E HE2H HE2I 
HE2M HE2N HE20 


12 Week Old Early Stage Human 


Uni-ZAP XR 




HE2B HE2C HE2F HE2G HE2P 
HE2Q 


12 Week Old Early Stage Human, II 


Uni-ZAP XR 




HPTS HPTT HPTU 


Human Pituitary, subtracted 


Uni-ZAP XR 




HAUA HAUB HAUC 


Amniotic Cells - TNF induced 


Uni-ZAP XR 




HAQA HAQB HAQC HAQD 


Amniotic Cells - Primary Culture 


Uni-ZAP XR 




HWTA HWTB HWTC 


wilm's tumor 


Uni-ZAP XR 





Libraries own d bv Cataioo 


Catalog Description 


Vector 


ATCC 
D posit 


HBSD 


3one Cancer, re-excision 


Uni-ZAP XR 




HSGB 


Salivary gland, re-excision 


Uni-ZAP XR 




HSJA HSJB HSJC 


Smooth muscle-ILb induced 


Uni-ZAP XR 




HSXA HSXB HSXC HSXD 


Human Substantia Nigra 


Uni-ZAP XR 




HSHA HSHB HSHC 


Smooth muscle, IL1b induced 


Uni-ZAP XR 




HOUA HOUB HOUC HOUD 
HOUE 


Adipocytes 


Uni-ZAP XR 




HPWA HPWB HPWC HPWD 

III V » J\ 111 » » * III w V ■ 1 1 w w * 

HPWE 


Prostate BPH 


Uni-ZAP XR 




HELA HELB HELC HELD HELE 
HFLF HELG HELH 

1 1 1— I— 1 1 J I— J — ^ 1 II — 1—1 ■ 


Endothelial cells-control 


Uni-ZAP XR 




HEMA HEMB HEMC HEMD 
HEME HEMF HEMG HEMH 


Endothelial-induced 


Uni-ZAP XR 




URIA UQIR URIC 


Human Brain, Striatum 


Uni-ZAP XR 




uu^A HH^B HHSC HHSD HHSE 

nnon nnou i ii i o w i n i n iwi — 


Human Hypothalmus, Schizophrenia 


Uni-ZAP XR 




HNGA HNGB HNGC HNGD 
HNGE.HNGF HNGG HNGH 
HNGI HNGJ 


neutrophils control 


Uni-ZAP XR 




HNHA HNHB HNHC HNHD 
HNHE HNHF HNHG HNHH HNHI 
HNHJ 


Neutrophils IL-1 and LPS induced 


Uni-ZAP XR 




HSDB HSDC 


STRIATUM DEPRESSION 


Uni-ZAP XR 




HHPT 


Hypothalamus 


Uni-ZAP XR 




HSAT HSAU HSAV HSAW HSAX 

1 ITAV 1 JO A 7 

HSAY HbAZ 


Anergic T-cell 


Uni-ZAP XR 




HBMS HBMT HBMU HBMV 
HBMW HdMX 


Bone marrow 


Uni-ZAP XR 




HOEA HOEB HOEC HOED 
HOct HUbr HUbJ 


Osteoblasts 


Uni-ZAP XR 




HAIA HAIB HAIC HAID HAIE 
HAIF 


Epithelial-TNFa and INF induced 


Uni-ZAP XR 




HTGA HTGB HTGC HTGD 


Apoptotic T-cell 


Uni-ZAP XR 




HMCA HMCB HMCC HMCD 
HMCE 


Macrophage-oxLDL 


Uni-ZAP XR 




U4l\yiAA UMAR WMAP MMAR 
MMAA nlVIAD nlVIAL» nlvlMLJ 

HMAE HMAF HMAG 


Marrnnhanp fGM-OSF treated^ 

1 Victim i \J yj i lay c yv-iivi uoi ncaicvjy 


Uni-ZAP XR 




nrnA 


Normal Pro^tatp 


Uni-ZAP XR 




udia upiD i_jpir k 
nr IA nrlD nrlo 


1 NPAP nrn^tatp ppI! linp 


Uni-ZAP XR 




up ia 1-IP IR MP IP 
rir JA nrJD nrjL» 


PC3 Prostate cell line 


Uni-ZAP XR 




un^F HO^F HOSG 


Human Osteoclastoma, re-excision 


Uni-ZAP XR 




n 1 Lac n I \j~ 


Apoptotic T-cell, re-excision 


Uni-ZAP XR 




HMA 1 HNAAK 
niviMj n ivi/-\r\ 


H Macrophage (GM-CSF treated), 
re-excision 


Uni-ZAP XR 




HACB HACC HACD 


Human Adipose Tissue, re-excision 


Uni-ZAP XR 




HFPA 


H. Frontal Cortex, Epileptic 


Uni-ZAP XR 




HFAA HFAB HFAC HFAD HFAE 


Alzheimers, spongy change 


Uni-ZAP XR 




HFAM 


Frontal Lobe, Dementia 


Uni-ZAP XR 




HMIAHMIB HMIC 


Human Manic Depression Tissue 


Uni-ZAP XR 




HTS.A HTSE HTSF HTSG HTSH 


Human Thymus 


pBS 




HPBA HPBB HPBC HPBD HPBE 


Human Pineal Gland 


pBS 




HSAA HSAB HSAC 


HSA 172 Cells 


pBS 




. HSBA HSBB HSBC HSBM 


HSC172 celts 


pBS 




HJAA HJAB HJAC HJAD 


Jurkat T-cell G1 phase 


pBS 




HJBA HJBB HJBC HJBD 


Jurkat T-Cell, S phase 


pBS 





Librari s own d by Catalog 


Catalog Description 


Vector 


ATCC 
Deposit 


HAFA HAFB 


Aorta endothelial cells + TNF-a 


pBS 




HAWA HAWB HAWC 


Human White Adipose 


pBS 




HTNA HTNB 


Human Thyroid 


pBS 




HONA 


Normal Ovary, Premenopausal 


pBS 




HARA HARB 


Human Adult Retina 


pBS 




HLJA HUB 


Human Lung 


pCMVSport 1 




HOFM HOFN HOFO 


H. Ovarian Tumor, II, OV5232 


pCMVSport 2.0 




HOGA HOGB HOGC 


OV 10-3-95 


pCMVSport 2.0 




HCGL 


CD34+cells, II 


pCMVSport 2.0 




HDLA 


Hodgkin's Lymphoma I 


pCMVSport 2.0 




HDTA HDTB HDTC HDTD HDTE 


Hodgkin's Lymphoma II 


pCMVSport 2.0 




HKAA HKAB HKAC HKAD HKAE 
HKAF HKAG HKAH 


Keratinocyte 


pCMVSport2.0 




HCIM 


CAPFINDER, Crohn's Disease, lib 2 


pCMVSport 2.0 




HKAL 


Keratinocyte, lib 2 


pCMVSport2.0 




HKAT 


Keratinocyte, lib 3 


pCMVSport2.0 




HNDA 


Nasal polyps 


pCMVSport2.0 




HDRA 


H. Primary Dendritic Cells, lib 3 


pCMVSport2.0 




HOHA HOHB HOHC 


Human Osteoblasts II 


pCMVSport2.0 




HLDA HLDB HLDC 


Liver, Hepatoma 


pCMVSport3.0 




HLDN HLDO HLDP 


Human Liver, normal 


pCMVSport3.0 




HMTA 


pBMC stimulated w/ poly l/C 


pCMVSport3.0 




HNTA 


NTERA2, control 


pCMVSport3.0 




HDPA HDPB HDPC HDPD HDPF 
HDPG.HDPH HDPI HDPJ HDPK 


Primary Dendritic Cells, lib 1 


pCMVSport3.0 




HDPM HDPN HDPO HDPP 


Primary Dendritic cells, frac 2 


pCMVSport3.0 




HMUA HMUB HMUC 


Myoloid Progenitor Cell Line 


pCMVSport3.0 




HHEA HHEB HHEC HHED 


T Cell helper I 


pCMVSport3.0 




HHEM HHEN HHEO HHEP 


Tcell helper II 


pCMVSport3.0 




HEQA HEQB HEQC 


Human endometrial stromal cells 


pCMVSport3.0 




HJMA HJMB 


Human endometrial stromal cells- 
treated with progesterone 


pCMVSport3.0 




HSWA HSWB HSWC 


Human endometrial stromal cells- 
treated with estradiol 


pCMVSport3.0 




HSYA HSYB HSYC 


Human Thymus Stromal Cells 


pCMVSport3.0 




HLWA HLWB HLWC 


Human Placenta 


pCMVSport3.0 




HRAA HRAB HRAC 


Rejected Kidney, lib 4 


pCMVSport3.0 




HMTM 


PCR, pBMC l/C treated 


PCRII 




HMJA 


H. Meniingima, M6 


pSport 1 




HMKA HMKB HMKC HMKD 
HMKE 


H. Meningima, M1 


pSport 1 




HUSG HUSI 


Human umbilical vein endothelial 
cells, IL-4 induced 


pSport 1 




HUSX HUSY 


Human Umbilical Vein Endothelial 
^eiib, uiiinuuLfcU 


pSport 1 




HOFA 


Ovarian Tumor 1, OV5232 


pSport 1 




HCFA HCFB HCFC HCFD 


T-Cell PHA16hrs 


pSport 1 




HCFL HCFM HCFN HCFO 


T-Cell PHA 24 hrs 


pSport 1 




HADA HADC HADD HADE HADF 
HADG 


Human Adipose 


pSport 1 




HOVA HOVB HOVC 


Human Ovary 


pSport 1 





Libraries own d by Catalog I 


Catalog Description 


Vector i 


&TCC 
Deposit 


HTWB HTWC HTWD HTWE 
HTWF 


Resting T-Cell Library,! 1 


oSport 1 




HMMA 

i 1 1 vi i vi/\ 


Spleen metastic melanoma 


pSport 1 




HI YA HLYB HLYC HLYD HLYE 


Spleen, Chronic lymphocytic 
eukemia 


pSport 1 




HCGA 


CD34+ cell, 1 


pSport 1 




HEOMHEON 


Human Eosinophils 


pSport 1 




HTDA 


Human Tonsil, Lib 3 


pSport t 




HSPA 


Salivary Gland, Lib 2 


pSport 1 




HCHA HCHB HCHC 


Breast Cancer cell line, MDA 36 


pSport 1 




HCHM HCHN 


Breast Cancer Cell line, angiogenic 


pSport 1 




HPIA 

nvln 


Crohn's Disease 


pSport 1 




HDAA HDAB HDAC 


HEL cell line 


pSport 1 




HABA 


Human Astrocyte 


pSport 1 




HUFAHUFB HUFC 


Ulcerative Colitis 


pSport 1 




HNTM 


NTERA2 + retinoic acid, 14 days 


pSport 1 




HDQA 


Primary Dendritic cells, CapFinder2, 
frac 1 


pSport 1 




HDQM 


Primary Dendritic Cells, CapFinder, 
frac 2 


pSport 1 




HLDX 


Human Liver, normal, CapFinder 


pSport 1 




HULA HULB HULC 


Human Dermal Endothelial 
Cells,untreated 


pSportl 




HUMA 


Human Dermal Endothelial 
cells.treated 


pSportt 




HCJA 


rtuman oiromai cnutjmuiiicii 
fibroblasts, untreated 


nSnnrtl 

fJOJJWI I 1 




HCJM 


Human Stromal endometrial 
fibroblasts, treated w/ estradiol 


pSportl 




HEDA 

> 


Human Stromal endometrial 
fibroblasts, treated with 
proqesterone 


poporti 




HFNA 


Human ovary tumor cell OV350721 


pSportl 




HKGA HKGB HKGC HKGD 


Merkel Cells 


pSportl 




HISA HISB HISC 


Pancreas Islet Cell Tumor 


pSportl 




HLSA 


Skin, burned 


pSportl 




HBZA 


Prostate,BPH, Lib 2 


pSport t 




HBZS 


Prostate BPH,Lib 2, subtracted 


pSport 1 




upiA mfir HFin 
nnn rii i lj in 


Synovial Fibroblasts (control) 


pSport 1 




III III ill II 111 IU 


Synovia! hypoxia 


pSport 1 




Ljpij HFIU HFIV 

III II III 1 \J III ■« 


Synovial IL-1/TNF stimulated 


pSport 1 






Mp^annial cell frac 1 


DSoortI 




HMVA HMVd HMVO 


DUllc IVIdllUW OUUIIldl ucll, 

untreated 


nRnortl 

popui I 1 




HFIX HFIY HFIZ 


Synovial Fibroblasts (II1/TNF), subt 


pSportl 




HFOX HFOY HFOZ 


Synovial hypoxia-RSF subtracted 


pSportl 




HMQA HMQB HMQC HMQD 


Human Activated Monocytes 


Uni-ZAP XR 




HLIA HUB HLIC 


Human Liver 


pCMVSport 1 




HHBA HHBB HHBC HHBD HHBE 


Human Heart 


pCMVSport 1 




HBBAHBBB 


Human Brain 


pCMVSport 1 




HLJA HUB HLJC HLJD HUE 


Human Lung 


pCMVSport 1 




HOGA HOGB HOGC 


Ovarian Tumor 


pCMVSport 2.0 





Librari s wned by Catalog 


Catalog Description 


Vector 


ATCC 
Deposit 


HUM 


Human Tonsils, Lib 2 


pCMVSport 2.0 




HAMF HAMG 


KMH2 


pCMVSport 3.0 




HAJA HAJB HAJC 


L428 


pCMVSport 3.0 




HWBA HWBB HWBC HWBD 
rtWDc 


Dendritic cells, pooled 


pCMVSport 3.0 




HWAA HWAB HWAC HWAD 

t_i\A/ a cr 
nW At 


Human Bone Marrow, treated 


pCMVSport 3.0 




HYAA HYAB HYAC 

1 1 1 r\i \ l | l 1 \ L— ' l l l r\\J 


B Cell lymphoma 


pCMVSport 3.0 




HWHG HWHH HWHI 


Healing groin wound, 6.5 hours post 
incision 


pCMVSport 3.0 




HWHP HWHQ HWHR 


Healing groin wound; 7.5 hours post 
incision 


pCMVSport 3.0 




HARM 


Healing groin wound - zero hr post- 
incision (control) 


pCMVSport 3.0 




HBIM 


Olfantnrv pnithpliurrv na^alnavitv 


nCMVSnort 3 0 




HWDA 


Hpalinn Ahdnmpn wound' 70&Q0 
min post incision 


nCMVSnort 3 0 




HWEA 


Hpalinn Abdompn Wound'15 davs 
post incision 


nCMVSDort 3 0 




HWJA 


Healing Abdomen Wound;21&29 
days 


pCMVSport 3.0 




HNAL 


Human Tongue, frac 2 


pSportl 




HMJA 


H. Meniingima, M6 


pSportl 




HMKA HMKB HMKC HMKD 
HMKE 


H. Meningima, M1 


pSportl 




HOPA 

nvin 


Ovarian Ti imnr I OVSP^P 


nQnnrtl 




HHFA HPFR HPFP HnFD 


T-CpII PHA 1fi hr<^ 

i veil r nn i u iiio 


[jojjwi i i 




uppi pipCfUl UpCM UPFO 


T-PpII PHA 94 hre 
i well r nM <l.h ii i o 


UOjJUl l 1 




hmma wmmr hmmp 

niviivJM niviiviD nivnviv»/ 


Qnloon motnetrr 1 mdannma 

OUIcCl 1 1 1 Itrtclolltv 1 1 IfcMCH IUI 1 Id 


pQnnrtl 

UOUUl I 1 




NTHA 


1— Ii ima n Tnncil 1 in ^ 
nuuidii iui ion, l_iu o 


nQnnrtl 




FJHRA 
nUDM 


Mi iman Fatal "Thx/miic 
nunidii i cicti i iiyiiiuo 


nQnnrtl 
UOUUI I 1 




uni iA 


r encaruium 


popori I 




UR7A 


Prnctato RPM 1 ih 9 
rHJbldlc t Drn, l_IU £. 


nQnnrtl 
UOUUI I 1 






Larynx luiTior 


nQnnrtl 




Li\ A/ IS A 
riVV r\M 


Mnmnfll Ii inn 


nQnnrtl 




uqmr 


Done indrrow bwuiMd T ut2ditJu 


nQnnrtl 

popuri i 




nDnivi 


INUnlldl UdLliyd 


nQnnrtl 
pOfJUIl 1 






Mi iman 1 arv/nv 
nUllidll LdiyllX 


nQnnrtl 
popui L 1 




Ml PR 

nLnD 


Qiohhon Pnl\/nncic 
OltiUUfcMI r UlypUolo 


nQnnrtl 
popui l 1 




UMI A 


ividi i ii i id( y vjiicii iu 


nQnnrtl 
popui l 1 




UM |R 


Pnlato n^minnma 
raldLc Ual Ull IUI 1 Jd 


nQnnrtl 
popui l 1 




HMKA 


Pal^to nnrmal 
rciiciiv iiuiiiidi 


nQnnrtl 

popui I 1 




HM7A 


i iidiyiiA Udiuiiiuiiid 


nQnnrtl 
popui I 1 




□ Apr; 


V_/l IcfcJIV OulUIIIUIIId 


nQnnrtl 
popui l 1 




HMZM 


Pharynx Carcinoma 


pSportl 




HDRM 


Larynx Carcinoma 


pSportl 




HVAA 


Pancreas normal PCA4 No 


pSportl 




HICA 


Tongue carcinoma 


pSportl 




HUKA HUKB HUKC HUKD HUKE 


Human Uterine Cancer 


Lambda ZAP II 




HFFA 


Human Fetal Brain, random primed 


Lambda ZAP II 




HTUA 


Activated T-cell labeled with 4- 
thioluri 


Lambda ZAP II 




HBQA 


Early Stage Human Brain, random 
primed 


Lambda ZAP II 




HMEB 


Human microvascular Endothelial 


Lambda ZAP II 





Librari s owned by Catalog 


Catalog D scription 


Vector 


ATCC 
L/eposii 




cells, tract. B 






HUSH 


Human Umbilical Vein Endothelial 
cells, tract. A, re-excision 


Lambda ZAP II 




HLQC HLQD 


Hepatocellular tumor, re-excision 


Lambda ZAP II 

k_cii i luuu *.r\i ii 




HTWJ HTWK HTWL 


Resting T-cell, re-excision 


Lambda ZAP II 




HF6S 


Human Whole 6 week Old Embryo 
(II), subt 


pBluescript 




HHPS 


Human Hippocampus, subtracted 


pBluescript 




HL1S 


LNCAP, differential expression 


pBluescript 




HLHS HLHT 


Early Stage Human Lung, 
Subtracted 


pBluescript 




HSUS 


Sunt cplte cvciohexamidp trpatprl 
subtracted 






HSUT 


Supt cells, cyclohexamide treated, 
differentially expressed 


pBluescript 




HSDS 


H. Striatum Depression, subtracted 


pBluescript 




HPTZ 


Human Pituitary, Subtracted VII 


pBluescript 




HSDX 


H. Striatum Depression, subt II 


pBluescript 




HSDZ 


H. Striatum Depression, subt 


pBluescript 




HPBA HPBB HPBC HPBD HPBE 


Human Pineal Gland 


pBluescript SK- 




HRTA 


Colorectal Tumor 


pBluescript SK- 




HSBA HSBB HSBC HSBM 


HSC172 cells 


pBluescript SK- 




HJAA HJAB HJAC HJAD 


Jurkat T-cell G1 phase 


pBluescript SK- 




HJBA HJBB HJBC HJBD 


Jurkat T-cell, S1 phase 


pBluescript SK- 




HTNA HTNB 


Human Thyroid 


pBluescript SK- 




HAHA HAHB 


Human Adult Heart 


Uni-ZAP XR 




HE6A 


Whole 6 week Old Embryo 


Uni-ZAP XR 




HFCA HFCB HFCC HFCD HFCE 


Human Fetal Brain 


Uni-ZAP XR 




HFKC HFKD HFKE HFKF HFKG 


Human Fetal Kidney 


Uni-ZAP XR 




HGBA HGBD HGBE HGBF 
HGBG 


Human Gall Bladder 


Uni-ZAP XR 




HPRAHPRB HPRC HPRD 


Human Prostate 


Uni-ZAP XR 




HTEA HTEB HTEC HTED HTEE 


Human Testes 


Uni-ZAP XR 




HTTA HTTB HTTC HTTD HTTE 


Human Testes Tumor 


Uni-ZAP XR 




HYBA HYBB 


Human Fetal Bone 


Uni-ZAP XR 




HFLA 


Human Fetal Liver 


Uni-ZAP XR 




HHFB HHFC HHFD HHFE HHFF 


Human Fetal Heart 


Uni-ZAP XR 




HUVB HUVC HUVD HUVE 


Human Umbilical Vein, End. remake 


Uni-ZAP XR 




HTHB HTHC HTHD 


Human Thymus 


Uni-ZAP XR 




HSTA HSTB HSTC HSTD 


Human Skin Tumor 


Uni-ZAP XR 




HTAA HTAB HTAC HTAD HTAE 


Human Activated T-cells 


Uni-ZAP XR 




HFEA HFEB HFEC 


Human Fetal Epithelium (skin) 


Uni-ZAP XR 




HJPA HJPB HJPC HJPD 


Human Jurkat Membrane Bound 
Polysomes 


Uni-ZAP XR 




HESA 


Human Epithelioid Sarcoma 


Uni-ZAP XR 




HALS 


Human Adult Liver, Subtracted 


Uni-ZAP XR 




HFTA HFTB HFTC HFTD 


Human Fetal Dura Mater 


Uni-ZAP XR 




HCAA HCAB HCAC 


Cem cells, cyclohexamide treated 


Uni-ZAP XR 




HRGA HRGB HRGC HRGD 


Raji Cells, cyclohexamide treated 


Uni-ZAP XR 




HE9A HE9B HE9C HE9D HE9E 


Nine Week Old Early Stage Human 


Uni-ZAP XR 




HSFA 


Human Fibrosarcoma 


Uni-ZAP XR 




HATA HATB HATC HATD HATE 


Human Adrenal Gland Tumor 


Uni-ZAP XR 




HTRA 


Human Trachea Tumor 


Uni-ZAP XR 




HE2A HE2D HE2E HE2H HE2I 


12 Week Old Early Stage Human 


Uni-ZAP XR 





1 SKrarioc nuinori hw Patalnn 
UJUIdilGo UWIIcU LJy OcJldlULJ 


oaiaiog uescripiion 


Vector 


ATCC 
Deoosit 


HE2B HE2C HE2F HE2G HE2P 


12 Week Old Early Stage Human, II 


Uni-ZAP XR 




HNEA HNEB HNEC HNED HNEE 


Human Neutrophil 


Uni-ZAP XR 




HBGA 


Human Primary Breast Cancer 


Uni-ZAP XR 




HPTS HPTT HPTU 


Human Pituitary, subtracted 


Uni-ZAP XR 




uynA hmor Mfwinr wMnn 
nivivj/A nivivjD niviu^ niviwu 


numan Aciivaiea Monocytes 


Uni-ZAr XH 




WOAA UflAR UHAP 
MvJAA rHJAD nvJML' 


Human Osteosarcoma 


1 ] — ; 7AD VD 

Uni-ZAP XH 




WTOA WTPiH UTHP UTfiP UTOfi 


human tonsils 


Uni-ZAP XR 




riivivjD 


Human ub Mboo control Traction I 


Uni-ZAP XR 




i_inpR 


numan ub muo control traction 1 


Uni-ZAP XR 




MUUb 


Human Ud HUb treated (1 nM E2) 
fraction I 


Uni-ZAP XR 




HAUA HAUB HAUC 


Amniotic Cells - TNF induced 


Uni-ZAP XR 




HAQA HAQB HAQC HAQD 


Amniotic Cells - Primary Culture 


Uni-ZAP XR 




HROA HROC 


HUMAN STOMACH 


Uni-ZAP XR 




HBJA HBJB HBJC HBJD HBJE 


HUMAN B CELL LYMPHOMA 


Uni-ZAP XR 





HODA HODB HODC HODD 


human ovarian cancer 


Uni-ZAP XR 




HCPA 


Corpus Callosum 


Uni-ZAP XR 




HSOA 


stomach cancer (human) 


Uni-ZAP XR 





HERA 


SKIN 


Uni-ZAP XR 




HMD A 


Brain-medulloblastoma 


Uni-ZAP XR 




HGLA HGLB HGLD 


Glioblastoma 


Uni-ZAP XR 




U\A/TA U-I\A/TQ UlA/TP 

nvv ! A nVV 1 d nvv 1 O 


wilm's tumor 


Uni-ZAP XR 




l-IP A A 
HtAA 


H. Atrophic Endometrium 


Uni-ZAP XR 




UApM UApn UADP UAPfl UADD 

rIArIN riArVJ nArr rlArlJ HMrn 


Human Adult Pulmonaryjre-excision 


1 In! "7 A n N/O 

Uni-ZAP XR 




HLTG HLTH 


Human T-cell lymphoma; re-excision 


Uni-ZAP XR 




HAHC HAHD HAHE 


Human Adult Heart; re-excision 


Uni-ZAP XR 




HAGA HAGB HAGC HAGD 
HAGE 


Human Amygdala 


Uni-ZAP XR 




l-IQ IA UIC IR LJC 

lioJA HoJb MoJU 


Smooth rnuscle-ILb induced 


Uni-ZAP XR 




HSHA HSHB HSHC 


Smooth muscle, IL1b induced 


Uni-ZAP XR 




HPWA HPWB HPWC HPWD 
HPWE 


Prostate BPH 


Uni-ZAP XR 




HrIA Hrlb HPIU 


LNCAP prostate cell line 


Uni-ZAP XR 




un IA UD IQ UD IP 1 

HKJA Mr Jb Hr JO 


ruj Prostate cell line 


Uni-ZAP XR 




HBTA 


Bone Marrow Stroma, TNF&LPS ind 


Uni-ZAP XR 




HMCF HMCG HMCH HMCI 
HMCJ 


Macrophage-oxLDL; re-excision 


Uni-ZAP XR 




HAGG HAGH HAGI j 


Human Amygdala;re-excision 


Uni-ZAP XR 




HACA | 


H. Adipose Tissue 


Uni-ZAP XR 




HKFB 


K562 + PMA (36 hrs), re-excision 


ZAP Express 




HCWTHCWU HCWV 


CD34 positive cells (cord blood), re- 
ex 


ZAP Express 




rlDVv A 


Whole brain 


ZAP Express 




URYA UPYD UIDYP UIDYH 
rlDAA MBAP nPAU MpAU 


Human Whole Brain #2 - Oligo dT > 
1 .5Kb 


ZAP Express 




HAVM 


Temporal cortex-Alzheizmer 


pT-Adv 




HAVT ! 


Hippocampus, Alzheimer Subtracted 


pT-Adv 




HHAS 


CHME Cell Line 


Uni-ZAP XR 




HAJR 


Larynx normal 


pSport 1 




HWLE HWLF HWLG HWLH 


Colon Normal 


pSport 1 




HCRM HCRN HCRO 


Colon Carcinoma 


pSport 1 




HWLI HWLJ HWLK 


Colon Normal 


pSport 1 




HWLQ HWLR HWLS HWLT 


Colon Tumor 


pSport 1 





1 i h r n rioQ r»\A/n H h\/ Pnfjilnn 
LlUldl Ico UWJI U U y UdlalUJJ 




V tJU ItJI 


ATPP 

Deposit 


HBFM 


Gastrocnemius Muscle 


pSport 1 




HBOD HBOE 


Quadriceps Muscle 


pSport 1 




HBKD HBKE 


Soleus Muscle 


pSport 1 


- 


HCCM 


Pancreatic Langerhans 


pSport 1 




HWGA 


Larynx carcinoma 


pSport 1 




HWGM HWGN 


Larynx carcinoma 


pSport 1 




HWLA HWLB HWLC 


Normal colon 


pSport 1 




HWLM HWLN 


Colon Tumor 


pSport 1 




HVAM HVAN HVAO 


Pancreas Tumor 


pSport 1 




HWGQ 


Larynx carcinoma 


pSport 1 




HAQM HAQN 


Salivary Gland 


pSport 1 




HASM 


Stomach; normal 


pSport 1 




HBCM 


Uterus; normal 


pSport 1 




HCDM 


Testis; normal 


pSport 1 




HDJM 


Brain; normal 


pSport 1 




HEFM 


Adrenal Gland,normal 


pSport 1 




HBAA 


Rectum normal 


pSport 1 




HFDM 


Rectum tumour 


pSport 1 




HGAM 


Colon, normal 


pSport 1 




HHMM 


Colon, tumour 


pSport 1 




HPI R HPI P 


1— \i iman 1 i inn Pan^or 

nuiiiaii i_uny v^ancer 


LamDua z.ap n 




nnLA 


1 1 Poll lino 
i_ i ^eii line 


iAr express 




uuAy 
nnMivi 


nypuuicticii nub, MizneirTier s 


poivivopon o.U 




UtfR A 


r\u o \ c.\ oasopniis Line 


popon i 






oaos<i, uexarneinosorne i reatea 


popon i 




UACA 
rlMOM 


Luny v^drcifioma Mo^y i iNraipna 
activated 


popon i 




HTFM 


TF-1 Cell Line GM-CSF Treated 


pSport 1 




HYAS 


Thyroid Tumour 


pSport 1 




MU 1 o 


Larynx Normal 


popon i 




UVflA 

MAUA 


Larynx Tumor 


popon i 




UCAU 

HtAH 


ta.ny.y^o ceil line 


popon i 




U-JIM A 


Adenocarcinoma Human 


popon i 




nnlvlA 


Lung Mesothelium 


popon l 




MLOL 


Human Pre- Differentiated 
Adipocytes 


Uni-^ap XH 




HS2A 


Saos2 Cells 


pSport 1 




HS2I 


Saos2 Cells; Vitamin D3 Treated 


pSport 1 




HUCM 


CHME Cell Line, untreated 


pSport 1 




HEPN 


Aryepiglottis Normal 


pSport 1 




HPSN 


Sinus Piniformis Tumour 


pSport 1 




HNSA 


Stomach Normal 


pSport 1 




HNSM 


Stomach Tumour 


pSport' 1 




HNLA 


Liver Normal Met5No 


pSport 1 




HUTA 


Liver Tumour Met 5 Tu 


pSport 1 




HOCN 


Colon Normal 


pSport 1 




HOCT 


Colon Tumor 


pSport 1 




HTNT 


Tongue Tumour 


pSport 1 




HLXN 


Larynx Normal 


pSport 1 




HLXT 


Larynx Tumour 


pSport 1 




HTYN 


Thymus 


pSport 1 




HPLN 


Placenta 


pSport 1 





Librari s owned by Catalog 


Catalog Description 


Vector 


ATCC 
Deposit 


HTNG 


Tongue Normal 


pSport 1 




HZAA 


Thyroid Normal (SDCA2 No) 


pSport 1 




HWES 


Thyroid Thyroiditis 


pSport 1 




HFHD 


Ficolled Human Stromal Cells, 5Fu 
ireaiea 


pTrip1Ex2 




HFHM,HFHN 


Ficolled Human Stromal Cells, 
unireaieo 


pTrip1Ex2 




HPCI 


Hen G2 Celk lamhrla lihrnrv 


hmhrla 7an PM\/ YR 
IdlllUUd Z.ap-OIVIV An 




HBCA HBCB HBCC 


H 1 vmnh nnHp hrppQt ranror 


1 Int 7AP YD 
Uul-Z-Mr An 




HCOK 


Chondrocytes 


pSPORTI 




HDCA, HDCB, HDCC 


Dendritic Cells From CD34 Cells 


pSPORTI 




HDMA, HDMB 


CD40 activated monocyte dendritic 
cells 


pSPORTI 




HDDM, HDDN, HDDO 


LPS activated derived dendritic cells 


pSPORTI 




HPCR 


Hep G2 Cells, PCR library 


lambda Zap-CMV XR 




HAAA, HAAB, HAAC 


Lung, Cancer (400531 3A3): 

Invpmivp Pnnrlv niffprpnttatpH I unn 
1 1 1 v cio i v i uui 1 y lj i it ci t> 1 1 iidicru L-UIIU 

Adenocarcinoma 


pSPORTI 




HIPA, HIPB, HIPC 


Lung, Cancer (40051 63 B7): 
Invasive, Poorly Diff. 
Adenocarcinoma, Metastatic 


pSPORTI 




MUUM, MUUI 


Ovary, Cancer: (4004562 B6) 
Parjillarv Sprout Cv^tir Nponl^i^nn 
Low Malignant Pot 


pSPORTI 




HIDA 


Lung, Normal: (4005313 B1) 


pSPORTI 




1— II 1 IA ui l id i 1 1 i lji I ir\ lji i ic: 

HUJA,nUJD,nUJU,nUJU,nUJt 


B-uells 


pCMVSport 3.0 






Ovary, Normal: (9805C040R) 


pSPORTI 




HNLM 


Lung, Normal: (4005313 B1) 


pSPORTI 




HSCL 


Stromal Cells 


pSPORTI 




HAAX 


Lung, Cancer: (4005313 A3) 
Invasive Poorly-differentiated 
Metastatic lung adenocarcinoma 


pSPORTI 




HUUA^UUB.HUUC.HUUD 


B-cells (unstimulated) 


pTrip1Ex2 




HWWA,HWWB,HWWC,HWWD,H 
WWE.HWWF.HWWG 


B-cells (stimulated) 


pSPORTI 




HCCC 


Colon, Cancer: (9808C064R) 


pCMVSport 3.0 




HPDO HPDP HPDQ HPDR HPD 


Ovary, Cancer (9809C332): Poorly 
differentiated adenocarcinoma 


pSport 1 




HPCO HPCP HPCQ HPCT 


Ovary, Cancer (15395A1F): Grade II 
Papillary Carcinoma 


pSport 1 




HOCM HOCO HOCP HOCO 


Ovarv C^nrpr MS7QQA1F^ Pnnrlv 

\-/ veil y , wni . y I u f I i j \ UUI ly 

differentiated carcinoma 


popuri I 




HCBM HCBN HCBO 


Breast, Cancer: (4004943 A5) 


pSport 1 




HNBTHNBU HNBV 


Breast, Normal: (4005522B2) 


pSport 1 




HBCP HBCQ 


Breast, Cancer: (4005522 A2) 


pSport 1 




HBCJ 


Breast, Cancer: (9806C012R) 


pSport 1 




HSAM HSAN 


Stromal cells 3.88 


pSport 1 




HvtA HVCB HVCC HVCD 


Ovary, Cancer: (4004332 A2) 


pSport 1 




uopi/ uccm uccn 
nouf\ HotN HobU 


Stromal cells (HBM3.18) 


pSport 1 






oirornai ceu cione ^.o 


poport i 




HUXA 


Breast Cancer: (4005385 A2) 


pSport 1 




HCOM HCON HCOO HCOP 
HCOQ 


Ovary, Cancer (4004650 A3): Well- 
Differentiated Micropapiilary Serous 
Carcinoma 


pSport 1 




HBNM 


Breast, Cancer: (9802C020E) 


pSport 1 




HVVA HVVB HVVC HVVD HVVE 


Human Bone Marrow, treated 


pSport 1 





Libraries owned by Catalog 


Catalog Description 


Vector 


ATCC 
Deposit 


HPAM HPAN 


Serous papillary adenocarcinoma 


pCMVSport 3.0 




HBPN, HBPO, HBPP, 
HBPQ, HBPR, HBPS, 
HBPT, HBPU, HBPV 


Human Blood Platelets 


pSE-1 




HSPS, HSPT 


Ovarian Cancer, Serous Papillary 
Adenocarcinoma 


pCMV-SPORT-3 




HOPJ, HOPK 


Ovarian Cancer, Serous Papillary 
Adenocarcinoma 


pCMV-SPORT-3 




HACM, HACN 


Adenocarcinoma of Ovary, 
Human Cell Line, # OVCAFI-3 


nCMV-SPORT-3 




HAOS, HAOT 


Adenocarcinoma of Ovary, 
Human Cell Line 


pCMV-SPORT-3 




HNOJ, HNOK, HNOL 


Human Normal Ovary 
(#9610G215) 


pCMV-SPORT-3 




HOVJ, HOVK 


Human Ovarian Cancer 
(#9807G01 7) 


pCMV-SPORT-3 




HK2A, HKZB, HKZG 


Ovarian Cancer 


pCMV-SPORT-3 




HAGJ 


Human Amygdala; reexcision 


UniZap XR 




HNPM,.HNPN, HNPO, 
HNPP, HNPQ 


Normal Prostate #ODQ3958EN 


pCMV-SPORT-3 




HPGM, HPGN, HPGO, 
HPGP 


Prostate Cancer (Adenocarcinoma) 


pCMV-SPORT-3 




HERV, HERW, HERX, 
HERY 


Mononucleocytes from patient 


pCMV-SPORT-3 





Computational Analysis of ESTs and Databasing 

[0161] The relational database management software Sybase has been used to construct a 
custom, specialized database for tracking information on the source and analysis of EST 
sequence data (Kerlavage, A.R., Adams, M.D., Kelley, J.C., Dubnick, ML, Powell, J., 
Shanmugam, P., Venter, J.C., and Fields, C. 1993. Analysis and management of data from high- 
throughput expressed sequence tag projects. Proceedings of the 26th Annual Hawaii 
International Conference on System Sciences, 1:585-594). Tables in the database store 
information on the library, template prep and reaction protocols used for a particular sequence, 
and results of all the sequence analysis programs. An extensive set of computer programs has 
been developed to facilitate high-throughput analysis of EST sequences to provide completeness 
and consistency to the handling of sequence data and putative identifications. All new EST 
sequences are compared first to a set of known sequences that can be annotated automatically. 
This prescreen identifies mitochondrial and ribospmal RNA sequenes, several repetitive 
elements, and certain common sequences such as elongation factor 1 alpha in brain or gamma 
globin in fetal spleen. In general, matches between ESTs and database sequences cannot be 
annotated automatically. We use BLAST (Altschul, 1990) to compare ESTs against the public 
databases. 



[0162] All ESTs are compared at the nucleotide sequence level to GenBank and EMBL. All 
ESTs are also translated into the six possible peptide translations (three for each strand) and 
compared against GenPept, SwissProt and Protein Information Resource (PIR). The nucleotide 
sequence comparisons serve to identify exact matches to previously sequenced human genes and 
to distinguish between known genes and new, closely-related members of gene families. ESTs 
in the sequence listing of this application have no exact matches to sequences in the public 
databases. Peptide searches are much more sensitive in detecting relationships with genes from 
distantly related organisms and relatively degenerate protein motifs. Between fifteen and fifty 
percent of EST sequences can be identified based on the results of database searches. This 
broad variation is due to the several factors including the complexity of the library and the 
proportion of clones with coding sequence at the 5' end. We have found that about half of the 
protein-coding ESTs have matches in the peptide databases; therefore, if all ESTs were protein- 
coding, half could be putatively identified based on similarity to sequences in the public 
databases. 

[0163] The ESTs from sequenced clones are identified herein as SEQ ID NOS: 1-55,55 1 and 
set forth in the Sequence Listing below. 

EXAMPLE 2 

EST Characterization 

[0164] The EST sequences were initially examined for similarities in nucleotide and peptide 
databases. The nucleotide databases are: GenBank (GB), and EMBL (E); the peptide databases 
are: GenPept (GP), Swiss-Prot (SP), and Protein Information Resource (PIR). 
[0165] ESTs without exact GenBank matches were translated in all six reading frames and 
each translation was compared with the protein sequence database PIR. GenBank and PIR 
searches were conducted with the "basic local alignment search tool" programs for nucleotide 
(BLASTN) and peptide (BLASTX) comparisons (Altschul et al, J. Mol. Biol., 215:403 (1990)). 
PIR searches were run using an in-house copy of the National Center for Biotechnology 
Information BLAST network service. The BLAST programs contain a very rapid database- 
searching algorithm that searches for local areas of similarity between two sequences and then 
extends the alignments on the basis of defined match and mismatch criteria. The algorithm does 
not consider the potential gaps to improve the alignment, thus sacrificing some sensitivity for a 
6-80 fold increase in speed over other database-searching programs such as FASTA (Pearson 
and Lipman, Proc. Natl. Acad. Sci. USA, 85:2444 (1988)). 



[0166] Sequence similarities identified by the BLAST programs were considered statistically 
significant with a Poisson P- value less than 0.01. The Poisson P- value is the probability of as 
high a score occurring by chance given the number of residues in the query sequence and the 
database. After the BLASTN search, 30 unmatched ESTs were compared against GenBank by 
FASTA to determine if significant matches were missed due to the use of BLASTN for the 
database search. No additional statistically significant matches were found. Statistical 
significance does not necessarily mean functional similarity; some of the reported matches may 
indicate the presence of a conserved domain or motif or simply a common protein structure 
pattern. Those ESTs identified as fully corresponding to known human genes or proteins are not 
included in this disclosure. 

[0167] The quality of the match is given as percent identity and length in base pairs for 
nucleotide matches and percent identity, percent similarity, and length in amino acid residues for 
peptide matches. In many cases ESTs match multiple domains on several related proteins. 
[0168] The great majority of the partial cDNA sequences reported in Example 1 are 
unrelated to any sequences previously described in the literature. Database entries in Table 2 
include information regarding Sequence ID Num. (SEQ ID NO:) EST Identifier (EST 
Designation), putative identification of the EST sequence (Homologue), identification of known 
sequence most nearly matched (Genbank Acc. No.), starting (Start) and ending (End) 
nucleotides of known nucleotide sequence which was closest homology, percentage similarity 
(Similarity), and percentage identity (Identity). If an entry is made in both the similarity and 
identity column, similarity and identity are determined with respect to comparison of the amino 
acid sequence. If an entry is made only in the identity column, identity is determined with 
respect to the DNA sequence. 

[0169] In Table 2, the first seven characters of the EST identify the EST. EST's identified by 
the same first seven characters are obtained from the same clone. The last letter of the EST 
which is either "F" or "R" identifies the direction of sequencing, with "F" representing 
sequencing from the 3' end and "R" sequencing from the 5' end for all clones, except those 
identified initially with the letters HFK where the opposite is true. Each EST is contained in a 
separate clone having the same identification as the EST. Thus, each of the identifiers for an 
EST also identifies a clone which contains the EST. As hereinabove indicated, each clone has 
been partially sequenced, and such partial sequence is provided in the accompanying sequence 
list. 



EXAMPLE 3 

Isolation of A Selected Clone From the Deposited cDN A Library 
[0170] Two approaches are used to isolate a particular clone out of the deposited cDNA 
library. 

[0171] In the first, a clone is isolated directly by screening the library using an 
oligonucleotide probe. To isolate a particular clone, a specific oligonucleotide with 30-40 
nucleotides is synthesized using an Applied Biosystems DNA synthesizer according to the EST 
sequence reported. The oligonucleotide is labeled with ^P-y-ATF using T4 polynucleotide 
kinase and purified according to the standard protocol (Maniatis et ah, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Press, Cold Spring, NY, 1982). The Lambda cDNA 
library deposited is to be plated on 1.5% agar plate to the density of 20,000-50,000 pfu/150 mm 
plate. (Similar, well-known methods are used to carry out the procedures described herein using 
the deposited plasmid library.) These plates are screened using Nylon membranes according to 
the standard phage screening protocol (Stratagene, 1993). Specifically, the Nylon membrane 
with denatured and fixed phage DNA is prehybridized in 6 x SSC, 20 mM NaH/^PO^ 

0.4%SDS, 5 x Denhardt's 500 /xg/ml denatured, sonicated salmon sperm DNA; and 6 x SSC, 
0.1% SDS. After one hour of prehybridization, the membrane is hybridized with hybridization 
buffer 6xSSC, 20 mM NaH^PO^ 0.4%SDS, 500 ug/ml denatured, sonicated salmon sperm 

DNA with lxlO 6 cpm/ml j2 P-probe overnight at 42 degrees C. The membrane is washed at 45- 
50 degrees C with washing buffer 6 x SSC, 0.1% SDS for 20-30 minutes dried and exposed to 
Kodak X-ray film overnight. Positive clones are isolated and purified by secondary and tertiary 
screening. The purified clone is sequenced to verify its- identity to the reported EST sequence. 
[0172] An alternative approach to screen the deposited cDNA library is to prepare a DNA 
probe corresponding to the entire EST sequence. To prepare an EST probe, two oligonucleotide 
primers of 17-20 nucleotides derived from both ends of the EST sequence reported are 
synthesized and purified. These two oligonucleotide are used to amplify the EST probe using 
the cDNA library template. The DNA template is prepared from the phage lysate of the 
deposited cDNA library according to the standard phage DNA preparation protocol (Maniatis et 
al.). The polymerase chain reaction is earned out in 25 /xl of reaction mixture with 0.5 \xg of the 
above cDNA template. The reaction mixture is 1.5-5 mM MgC12, 0.01% (w/v) gelatin, 20 [M 
each of dATP, dCTP, dGTP, dTTP, 25 pmol of each primer and 0.25 Unit of Taq polymerase. 
Thirty-five cycles of PCR (denaturation at 94 degrees C for 1 min; annealing at 55 degrees C for 
1 min; elongation at 72 degrees C for 1 min) are performed with the Perkin-Elmer Cetus 



automated thermal cycler. The amplified product is analyzed by agarose gel electrophoresis and 
the DNA band with expected molecular weight is excised and purified. The PCR product is 
verified to be the EST probe by subcloning and sequencing the DNA product. The EST probe is 
labeled with the Multiprime DNA Labelling System (Amersham) at a specific activity < lxlO 9 
dpm/jig. This probe is used to screen the deposited lambda cDNA library according to 
Stratagene's protocol. Hybridization is earned out with 5X TEN (20X TEN:0.3M Tris-HCl pH 
8.0, 0.02M EDTA and 3M NaCl), 5X Denhardts, 0.5% sodium pyrophosphate, 0.1% SDS, 
0.2mg/ml heat denatured salmon sperm DNA and IxlO 6 cpm/ml of [ j2 P]-labeled EST probe at 
55 degrees C for 12 hours. The filters are washed in 0.5X TEN at room temperature for 20-30 
min., then at 55 degrees C for 15 min. The filters are dried and autoradiographed at -70 degrees 
C using Kodak XAR-5 film. The positive clones are purified by secondary and tertiary 
screening. The sequence of the isolated clone are verified by DNA sequencing. 
[0173] General procedures for obtaining complete sequences from ESTs are summarized as 
follows: 

Procedure 1 

[0174] Selected human DNA from an EST clone (the cDNA clone that was sequenced to 
give the EST), is purified e.g., by endonuclease digestion using EcoRl, gel electrophoresis, and 
isolation of the clone by removal from low melting agarose gel. The isolated insert DNA, is 
radiolabeled e.g., with 32 P labels, preferably by nick translation or random primer labeling. The 
labeled EST insert is used as a probe to screen a lambda phage cDNA library or a plasmid 
cDNA library. Colonies containing clones related to the probe cDNA are identified and purified 
by known purification methods. The ends of the newly purified clones are nucleotide sequenced 
to identify full length sequences. Complete sequencing of full length clones is then performed 
by Exonuclease III digestion or primer walking. Northern blots of the mRNA from various 
tissues using at least part of the EST clone as a probe can optionally be performed to check the 
size of the mRNA against that of the purported full length cDNA. 

[0175] The following procedures 2 and 3 can be used to obtain full length genes or full 
length coding portions of genes where a clone isolated from the deposited library does not 
contain a full length sequence. It is also applicable to obtaining full length sequences from 
clones obtained from sources other than the deposited library by use of the ESTs of the present 
invention. 

Procedure 2 

AO 



RACE Protocol For Recovery of Full-Length Genes 

[0176] Partial cDNA clones can be made full-length by utilizing the rapid amplification of 
cDNA ends (RACE) procedure described in Frohman, M.A., Dush, M.K. and Martin, G.R. 
(1988) Proc. Natl. Acad. Sci. USA, 85:8998-9002. A cDNA clone missing either the 5' or 3' 
end can be reconstructed to include the absent base pairs extending to the translational start or 
stop codon, respectively. In most cases, cDNAs are missing the start of translation, therefor. 
The following briefly describes a modification of this original 5' RACE procedure. Poly A+ or 
total RNA is reverse transcribed with Superscript II (Gibco/BRL) and an antisense or 
complementary primer specific to the cDNA sequence. The primer is removed from the 
reaction with a Microcon Concentrator (Amicon). The first-strand cDNA is then tailed with 
dATP and terminal deoxynucleotide transferase (Gibco/BRL). Thus, an anchor sequence is 
produced which is needed for PCR amplification. The second strand is synthesized from the 
dA-tail in PCR buffer, Taq DNA polymerase (Perkin-Elmer Cetus), an oligo-dT primer 
containing three adjacent restriction sites (Xhol, Sail and Clal) at the 5' end and a primer 
containing just these restriction sites. This double-stranded cDNA is PCR amplified for 40 
cycles with the same primers as well as a nested cDNA-specific antisense primer. The PCR 
products are size-separated on an ethidium bromide-agarose gel and the region of gel containing 
cDNA products the predicted size of missing protein-coding DNA is removed. cDNA is 
purified from the agarose with the Magic PCR Prep kit (Promega), restriction digested with 
Xhol or Sail, and ligated to a plasmid such as pBluescript SKII (Stratagene) at Xhol and EcoRV 
sites. This DNA is transformed into bacteria and the plasmid clones sequenced to identify the 
correct protein-coding inserts. Correct 5' ends are confirmed by comparing this sequence with 
the putatively identified homologue and overlap with the partial cDNA clone. 
[0177] Several quality-controlled kits are available for purchase. Similar reagents and 
methods to those above are supplied in kit form from Gibco/BRL. A second kit is available 
from Clontech which is a modification of a related technique, SLIC (single-stranded ligation to 
single-stranded cDNA), developed by Dumas et al. (Dumas, J.B., Edwards, M., Delort, J. and 
Mallet, J., 1991, Nucleic Acids Res., 19:5227-5232). The major differences in procedure are 
that the RNA is alkaline hydrolyzed after reverse transcription and RNA ligase is used to join a 
restriction site-containing anchor primer to the first-strand cDNA. This obviates the necessity 
for the dA-tailing reaction which results in a polyT stretch that is difficult to sequence past. 
[0178] An alternative to generating 5' cDNA from RNA is to use cDNA library double- 
stranded DNA. An asymmetric PCR-amplified antisense cDNA strand is synthesized with an 
antisense cDNA-specific primer and a plasmid-anchored primer. These primers are removed 



and a symmetric PCR reaction is performed with a nested cDNA-specific antisense primer and 
the plasmid-anchored primer. 

Procedure 3 

RNA Ligase Protocol For Generating The 5 'End Sequences To Obtain Full Length Genes 
[0179] Once a gene of interest is identified, several methods are available for the 
identification of the 5' or 3' portions of the gene which may not be present in the original EST 
clone. These methods include but are not limited to filter probing, clone enrichment using 
specific probes and protocols similar and identical to 5' and 3' RACE. While the full length 
gene may be present in the library and can be identified by probing, a useful method for 
generating the 5' end is to use the existing sequence information from the original EST to 
generate the missing information. A method similar to 5' RACE is available for generating the 
missing 5' end of a desired full-length gene. (This method was published by Fromont-Racine et 
al., Nucleic Acids Res., 21(7):1683-1684 (1993). Briefly, a specific RNA oligonucleotide is 
hgated to the 5' ends of a population of RNA presumably containing full-length gene RNA 
transcript and a primer set containing a primer specific to the hgated RNA oligonucleotide and a 
primer specific to a known sequence (EST) of the gene of interest, is used to PCR amplify the 5' 
portion of the desired full length gene which may then be sequenced and used to generate the 
full length gene. This method starts with total RNA isolated from the desired source, poly A 
RNA may be used but is not a prerequisite for this procedure. The RNA preparation may then 
be treated with phosphatase if necessary to eliminate 5' phosphate groups on degraded or 
damaged RNA which may interfere with the later RNA ligase step. The phosphatase if used is 
then inactivated and the RNA is treated with tobacco acid pyrophosphatase in order to remove 
the cap structure present at the 5' ends of messenger RNAs. This reaction leaves a 5 7 phosphate 
group at the 5' end of the cap cleaved RNA which can then be hgated to an RNA 
oligonucleotide using T4 RNA ligase. This modified RNA preparation can then be used as a 
template for first strand cDNA synthesis using a gene specific oligonucleotide. The first strand 
synthesis reaction can then be used as a template for PCR amplification of the desired 5' end 
using a primer specific to the Hgated RNA oligonucleotide and a primer specific to the known 
sequence (EST) of the gene of interest. The resultant product is then sequenced and analyzed to 
confirm that the 5' end sequence belongs to the EST. 



EXAMPLE 4 

Mapping of ESTs to Human Chromosomes 
[0180] Randomly selected ESTs are assigned to chromosomes via PCR. Oligonucleotide 
primer pairs are designed from EST sequences to minimize the chance of amplifying through an 
intron. The oligonucleotides were 18-23 bp in length and designed for PCR amplification using 
the computer program INTRON (National Institutes of Mental Health, Bethesda, MD) The 
program is based on the assumptions that: (1) introns are genomic sequences that interrupt the 
coding and noncoding sequences of genes (Smith, J. Mol. Evol., 27:45-55 (1988)); (2) there are 
consensus sequences for splice junctions (Shapiro, et aL, Nucl. Acids Res., 15:7155-7174 
(1987)); and (3) that 90% of the human genes studied have 3' untranslated regions of mRNA not 
interrupted by introns in the genomic DNA (Hawkins, Nucl. Acids Res., 16:9893-9908 (1988)). 
[0181] The program evaluates the likelihood that a given GG or CC dinucleotide represents a 
former exon-intron boundary. Specifically, every input strand is processed by the INTRON 
program twice, first evaluating the sense mRNA strand, and then processing the complementary 
or antisense strand. The program evaluates each sequence by finding all GG or CC pairs 
(possible former splice sites), searching for stop codons in all three reading frames, and 
analyzing the GG or CC pairs surrounded by stop codons. All regions of the EST that are 
unlikely to contain splice junctions based on CC content, GG content, and stop codon frequency 
are then marked by the program in uppercase. 

[0182] The creation of PCR primers from known sequences is well known to those with skill 
in the art. For a review of PCR technology see Erlich, H. A., PCR Technology; Principles and 
Applications for DNA Amplification. 1992. W.H. Freeman and Co., New York. ESTs are 
examined for the presence of stop codons in each reading frame and for consensus splice 
junctions. The presence of stop codons and absence of splice junction sequences are more 
characteristic of 3' untranslated sequences than of introns. The untranslated sequences are 
unique to a given gene; thus, primers from these regions are less likely to prime other members 
of a gene family or pseudogenes. 

[0183] The primers are used in polymerase chain reactions (PCR) to amplify templates from 
total human genomic DNA. PCR conditions used are as follows: 60 ng of genomic DNA as a 
template for PCR with 80 ng of each oligonucleotide primer, 0.6 unit of Taq polymerase, and 1 
\xC\ of a 32 P-labeled deoxycytidine triphosphate. The PCR is performed in a microplate 
thermocycler (Techne) under the following conditions: 30 cycles of 94 degrees C, 1.4 min; 55 
degreees C, 2 min; and 72 degrees C, 2 min; with a final extension at 72 degrees C for 10 min. 

CO 



The amplified products are analyzed on a 6% polyacrylamide sequencing gel and visualized by 
autoradiography. If the size of the resulting product is equivalent to the EST from which the 
primers are derived, then the PCR reaction is repeated with DNA templates from two panels of 
human-rodent somatic cell hybrids; BIOS PCRable DNA (BIOS Corporation) and NIGMS 
Human-Rodent Somatic Cell Hybrid Mapping Panel Number 1 (NIGMS, Camden, NJ). 
[0184] PCR is used to screen a series of somatic cell hybrid cell lines containing defined sets 
of human chromosomes for the presence of a given EST. DNA is isolated from the somatic 
hybrids and used as starting templates for PCR reactions using the primer pairs from EST 
sequences selected above. Only those somatic cell hybrids with chromosomes containing the 
human gene corresponding to the EST will yield an amplified fragment. ESTs are assigned to a 
chromosome by analysis of the segregation pattern of PCR products from hybrid DNA 
templates. For a review of techniques and analysis of results from somatic cell gene mapping 
experiments. See Ledbetter et al., Genomics, 6:475-481 (1990). The single human chromosome 
present in all cell hybrids that give rise to an amplified fragment represents the chromosome 
containing that EST. 

[0185] The foregoing techniques are used to further localize ESTs and their associated genes 
to precise locations onto chromosomes, using sublocalization techniques that employ somatic 
cell hybrids. ESTs are used as hybridization probes and mapped to other chromosomes using 
techniques disclosed in Example 5. Somatic cell hybrids are prepared that contained defined 
subsets of chromosomes. Methods for preparing and selecting somatic cell hybrids are known 
in the art. For a review of an exemplary procedure to generate somatic cell hybrids containing 
the short arm of human chromosome 6, see Zoghbi, et al, Genomics, 9(4):7 13-720 (1991). For 
a general review of somatic cell hybridization see Ledbetter et al. (supra ). The hybrids are 
processed to obtain DNA and analyzed by PCR and by fluorescence in situ hybridization. 

EXAMPLE 5 

Alternative Technique for Mapping to Chromosomes 
Mapping of ESTs to Chromosomes Using Fluorescence In Situ Hybridization 
[0186] This technique is used to map an EST to a particular location on a given chromosome. 
Cell cultures, tissue, or whole blood are used to obtain chromosomes. 

[0187] Whole blood (0.5ml) is added to RPMl 1640 and incubated 96 hours in a 5% C02/37 
degrees C incubator. Colcemide (0.05 /xg/ml) is added to the culture one hour before harvest. 
Cells are collected and washed in PBS. The suspension is incubated with a hypotonic solution 



of KC1 added dropwise to reach a final volume of 5 ml. The cells are spun down and fixed by 
resuspending the cells in methanol and glacial acetic acid (3:1). The cell suspension is dropped 
onto glass slides and dried. 

[0188] The slides are treated with RNase A and washed, then dehydrated in a series of 
increasing concentrations of ethanol. 

[0189] The EST to be localized is nick-translated using fluorescently labeled nucleotide 
(Korenberg, Jr., et al, Cell, 53(3):391-400 (1988)). Following nick translation, unincorporated 
label is removed by spin dialysis through Sepharose. The probe is further extracted with 
phenol-chloroform to remove additional protein. The chromosomes are denatured in formamide 
using techniques known in the art and the denatured probe is added to the slides. Following 
hybridization, the cells are washed. The slides are studied under a fluorescent microscope. For 
a review of the technique see Verma et al, Human Chromosomes: A Manual of Basic 
Techniques. Pergamon Press, NY (1988), which is hereby incorporated by reference. In 
addition, the chromosomes can be stained for G-banding or Q-banding using techniques known 
in the art. 

EXAMPLE 6 

Automated DNA Sequencing Accuracy 
[0190] ESTs that match human sequences in GenBank are excellent tools for the analysis of 
the accuracy of double-strand automated DNA sequencing. EST/GenBank matches were 
examined for the number of nucleotide mismatches and gaps required to achieve optimal 
alignment by the Genetics Computer Group (GCG) program BESTFIT (Devereux et al, Nucleic 
Acids Research, 12: 387 (1984)). The number of mismatches, insertions and deletions was 
counted for each hundred bases of the sequence (Table 3). As expected, the sequence quality 
was best closest to the primer and decreased rapidly after about 400 bases. The number of 
deletions and insertions relative to the GenBank reference sequence increased five- to ten-fold 
beyond 400 bases, while the number of mismatches doubled. The average accuracy rate for 
individual double-stranded sequencing runs was 98.7% to 400 bases. No analysis was 
performed to determine whether discrepancies were due to errors in the ESTs or errors in the 
Genbank sequences . 
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Table 3 

Sequencing Accuracy 

Gaps 

# of Bases 



Window 


Mismatches 


Insertions 


Deletions 


Accuracy 


Aligned 


101-200 


1.21 


0.01 


0.05 


98.73 


15,500 


201-300 


1.20 


0.06 


0.03 


98.71 


15,274 


301-400 


1.94 


0.06 


0.03 


98.71 


12,342 


>400 


3.48 


2.73 


0.32 


93.48 


5,381 



[0191] Types of sequencing errors are separated into mismatches of the EST sequence 
with respect to the database sequence, and gaps, which are divided into insertions and 
deletions relative to the control sequence. The number of errors per 100 aligned bases are 
given for each error type as is the overall accuracy (correct base calls) as a percentage. Up 
to 85 base pairs of polylinker sequence is removed from the beginning of each EST, 
therefore, accuracy measurements began at bp 101. 



EXAMPLE 7 

cDNA Libraries Generated From Specific Genomic DNA 
by Exon Expression & Amplification 



[0192] Exon amplification is used to express potential exons from genomic DNA in a 
recombinant vector that contains some of the signals necessary for splicing. If an exon is 
present in the proper orientation in the vector, that exon will be spliced in a mammalian 
cell and will become part of the mRNA of that cell. The exon splice-product can be 
purified from other mRNA in the cell by conversion of the mRNA to cDNA and selective 
amplification of the recombinant splice-product cDNAs. Cosmid DNA from human 
chromosome 19ql3.3 is digested with BamHI or Bam HI/Bglll restriction enzymes. The 
fragments generated are collected and size specifically cloned into an expression vector 
(Buckler, et al. Proc. Natl. Acad. Sci. USA, 88:4005-4009 (1991)). After transfection 
by electroporation of these constructs into COS cells, RNA transcripts are generated using 
the SV40 early promoter and a polyadenylation signal derived from SV40, both present in 
the expression vector. When a fragment of genomic DNA contains an entire exon with 
flanking intron sequence in the sense orientation, the exon should be retained in the mature 
poly(A)+ cytoplasmic RNA. Therefore, the mRNA is used as template for cDNA 
synthesis using reverse transcriptase and vector-priming. Subsequently, the cDNAs are 
amplified by vector-priming using PCR. A fraction of this first PCR product is 
reamplified using internal vector-primers containing terminal cloning sites. These 
products are end-repaired with T4 DNA polymerase, digested with the appropriate 
restriction enzymes, gel purified and cloned into pBluescript vectors. The constructs are 
transfected into XLl-Blue competent cells and plated on LB/X-gal/IPTG/ampicillin plates. 
White colonies are selected and expanded to prepare DNA templates as described in 
Example 1. When multiple cosmids or YAC clones are used as the source DNA, a pool of 
specific expressed exons is obtained as a cDNA library. 



EXAMPLE 8 

PCR Amplification from Predicted Exons 
[0193] Computational analyses can be applied to genomic DNA sequences to predict 
protein coding regions. The coding region prediction program CRM (E. Uberbacher and 
R. Mural, Proc. Natl. Acad. Sci. USA, 88:1 1261-5 (1991)) finds open reading frames and 
classifies them according to their probability of being coding regions. These regions are 
subsequently examined using the GM program (C Fields and C. Soderlund, Comp. 
Applic. Biosci., 6:263, 1990), which predicts intron-exon structure. PCR primers are then 
designed to amplify the predicted exons and used to test human cDNA libraries (for 
example, fetal brain or placental libraries) for the presence of these putative exons using a 
PCR assay. 

EXAMPLE 9 

Complete Sequence of EST Clone Inserts 
[0194] There are a number of methods known to those with skill in the art of molecular 
biology to obtain sequence information from the cDNAs corresponding to the EST 
sequences. Procedures for these methods are provided in Basic Methods in Molecular 
Biology (David et al. supra). One way to acquire more information about the cDNA from 
which an EST was derived is to sequence the remainder of the cDNA clone. 
[0195] Briefly, EST clones are digested with the restriction enzymes Sail and Kpn l or 
Pst I and BamHI (for deletions from the Forward primer and Reverse primer ends of the 
insert, respectively). The Kpn l and PstI enzymes leave 3' sticky ends following digestion, 
which Exonuclease III is unable to bind. This results in unidirectional deletions into the 
cDNA insert leaving the vector sequence undisturbed. After addition of Exonuclease III to 
the Forward and Reverse deletion reactions, aliquots of the reaction are removed at defined 
time intervals and the reaction is stopped to prevent further deletion. SI nuclease and 
Klenow DNA polymerase are added to create blunt ended fragments suitable for ligation. 
Samples for each time point are purified by electrophoresis through an agarose gel and 
religated. Two to four representative clones from each time point in each direction are 
sequenced to give between 200 and 400 base pairs of sequence data. Careful selection of 
deletion conditions and time points allow a deletion series of approximately 100-200 base 
pairs difference in length at each consecutive time point. Sequence fragments are 
reassembled into a redundant contiguous sequence using the INHERIT software from 

Applied Biosystems, Inc. (Foster City, CA) In this way, the complete insert from the 
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cDNA clone is sequenced on both strands to an average redundancy between three and 
four (each base is sequenced between three and four times, on average). 

EXAMPLE 10 

Determining Reading Frame, Orientation, Coding Regions: 
ESTs and Complete cDNA Sequences 
[0196] Once the complete cDNA sequence has been determined in accordance with 
Example 9, the reading frame, orientation, and coding regions are determined by computer 
techniques. (The complete coding region is considered to be the largest open reading frame 
from a methionine to a stop codon.) 

[0197] Specifically, the CRM program on the GRAIL server is used to determine 
probable coding regions. This information is supplemented by location of start and stop 
codons. Where possible, the results of the CRM analysis are validated by comparison of 
the cDNA sequence to known sequences using database matching, in accordance with 
Example 2. If a match of 50% (or even less) is found in any particular reading frame and 
orientation, this serves to verify corresponding CRM results. Alternatively, database 
matches can be used to determine reading frame and orientation without use of the CRM 
program, of course, if the cDNA is derived from a directional library, the probable 
orientation is already known. 

EXAMPLE 11 

Preparation of PCR Primers and Amplification of DNA 
[0198] The EST sequences and the corresponding cDNA sequences and genomic 
sequences can be used, in accordance with the present invention, to prepare PCR primers 
for a variety of uses. The PCR primers are preferably at least 15 bases, and more 
preferably at least 18 bases in length. The procedure of Example 3 is repeated using the 
desired EST, or using the corresponding cDNA or genomic DNA sequence from Example 
10. It is preferred that the primer pairs have approximately the same G/C ratio, so that 
melting temperatures are approximately the same. When screening cDNA, introns are of 
no concern; however, when screening genomic DNA, primers should be selected to avoid 
reading across introns, which usually are too large to amplify. The PCR primers and 
amplified DNA of this Example find use in the Examples that follow. 



EXAMPLE 12 

Forensic Matching by DNA Sequencing 
[0199] In one exemplary method, DNA samples are isolated from forensic specimens 
of, for example, hair, semen, blood or skin cells by conventional methods. A panel of PCR 
primers derived from a number of the sequences of Example 1,9, 10 and/or 1 1 is then 
utilized in accordance with Example 10 to obtain DNA of approximately 100-200 bases in 
length from the forensic specimen. Corresponding sequences are obtained from a suspect. 
Each of these identification DNAs is then sequenced, and a simple database comparison 
determines the differences, if any, between the sequences from the suspect and those from 
the sample. Statistically significant differences between the suspect's DNA sequences and 
those from the sample conclusively prove a lack of identity. This lack of identity can be 
proven, for example, with only one sequence. Identity, on the other hand, should be 
demonstrated with a large number of sequences, all matching. Preferably, a minimum of 
50 statistically identical sequences of 100 bases in length are used to prove identity 
between the suspect and the sample. 

EXAMPLE 13 

Positive Identification by DNA Sequencing 
[0200] The technique outlined in the previous example may also be used on a larger 
scale to provide a unique fingerprint-type identification of any individual. In this 
technique, primers are prepared from a large number of sequences from Examples 1, 7, 8 
and/or 9. Preferably, 20 to 50 different primers are used. These primers are used to obtain 
a corresponding number of PCR-generated DNA segments from the individual in question 
in accordance with Example 11. Each of these DNA segments is sequenced, using the 
methods set forth in Example 1. The database of sequences generated through this 
procedure uniquely identifies the individual from whom the sequences were obtained. The 
same panel of primers may then be used at any later time to absolutely correlate tissue or 
other biological specimen with that individual. 
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EXAMPLE 14 

Southern Blot Forensic Identification 
[0201] The procedure of Example 13 is repeated to obtain a panel of from 10 to 2000 
amplified sequences from an individual and a specimen. This PCR-generated DNA is then 
digested with one or a combination of, preferably, four base specific restriction enzymes. 
Such enzymes are commercially available and known to those of skill in the art. After 
digestion, the resultant gene fragments are size separated in multiple duplicate wells on an 
agarose gel and transferred to nitrocellulose using Southern blotting techniques well 
known to those with skill in the art. For a review of Southern blotting see Davis et al. 
(Basic Methods in Molecular Biology, 1986, Elsevier Press, pp 62-65). 
[0202] A panel of ESTs or complete cDNA sequences from Examples 1, and/or 9, or 
fragments thereof of at least 15 bases, are radioactively or colorimetrically labeled using 
end-labeled oligonucleotides derived from the ESTs, nick translated sequences or the like 
using methods known in the art and hybridized to the Southern blot using techniques 
known in the art (Davis et al., supra) . Preferably, at least 5 to 10 of these labeled probes 
are used, and more preferably at least about 20 or 30 are used to provide a unique pattern. 
The resultant bands appearing from the hybridization of a large sample of ESTs will be a 
unique identifier. Since the restriction enzyme cleavage will be different for every 
individual, the band pattern on the Southern blot will also be unique. Increasing the 
number of EST probes will provide a statistically higher level of confidence in the 
identification since there will be an increased number of sets of bands used for 
identification. 

EXAMPLE 15 

Dot Blot Identification Procedure 
[0203] Another technique for identifying individuals using the sequences disclosed 
herein utilizes a dot blot hybridization technique. 

[0204] Genomic DNA is isolated from cell nuclei of subjects to be identified. 
Oligonucleotide probes of approximately 30 bp in length are synthesized that correspond 
to sequences from the ESTs. The probes are used to hybridize to the genomic DNA under 
conditions known to those in the art. The oligonucleotides are end labelled with 32p using 
polynucleotide kinase (Pharmacia). Dot blots are created by spotting about 50 ng cDNA 
of at least 10, preferably at least 50 sequences corresponding to a variety of the Sequence 
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ED NOs provided in Table 2 onto nitrocellulose or the like using a vacuum dot blot 
manifold (BioRad, Richmond California). The nitrocellulose filter containing the EST 
clone sequences is baked or UV linked to the filter, prehybridized and hybridized with 

labeled probe using techniques known in the art (Davis et al., supra) . The 32p labeled 
DNA fragments are sequentially hybridized with successively stringent conditions to 
detect minimal differences between the 30 bp sequence and the DNA. 
Tetramethylammonium chloride is useful for identifying clones containing small numbers 
of nucleotide mismatches (Wood etal.,Proc. Natl. Acad. Sci. USA 82(6): 1585-1588 
(1985) which is hereby incorporated by reference. A unique pattern of dots distinguishes 
one individual from other individuals. 

EXAMPLE 16 

Alternative "Fingerprint" Identification Technique 
[0205] EST sequences and the corresponding complete cDNA sequences can be used to 
create a unique fingerprint for an individual. Thus pools of EST sequences can be used in 
forensics, paternity suits or the like to differentiate one individual from another. 
[0206] Entire EST sequences can be used; similarly oligonucleotides can be prepared 
from EST sequences. In this example, 20-mer oligonucleotides are prepared from 200 
EST sequences using commercially available oligonucleotide services such as Oligos Etc., 
Wilsonville, OR. Patient cell samples are processed for DNA using techniques well 
known to those with skill in the art. The nucleic acid is digested with restriction enzymes 
Eco RI and Xba l Following digestion, samples are applied to wells for electrophoresis. 
The procedure, as known in the art, can be modified to accommodate poly aery lamide 
electrophoresis, however in this example, samples containing 5 fig of DNA are loaded into 
wells and separated on 0.8% agarose gels. The gels are transferred using Southern blotting 
techniques onto nitrocellulose. 

[0207] 10 ng of each of the oligos are pooled and end-labeled with 32p The 
nitrocellulose is prehybridized with blocking solution and hybridized with the labeled 
probes. Following hybridization and washing, the nitrocellulose filter is exposed to X- 
Omat AR X-ray film. The resulting hybridization pattern will be unique for each 
individual. 

[0208] It is additionally contemplated within this example that the representative 
number of EST sequences can be varied for additional accuracy or clarity. 



EXAMPLE 17 

Identification of Genes Associated with Hereditary Diseases 
[0209] This example illustrates an approach useful for the association of EST sequences 
with particular phenotypic characteristics. In this example, a particular EST is used as a 
test probe to associate that EST with a particular phenotypic characteristic. 
[0210] Cells from patients with these diseases are isolated and expanded in culture. 
PCR primers from the EST sequences are used to screen genomic DNA and RNA or 
cDNA from the patients. ESTs that are not amplified in the patients can be positively 
associated with a particular disease by further analysis. 

EXAMPLE 18 

Identification of a Gene Associated with Angelman's Disease 
[0211] This example illustrates the manner in which ESTs can be used to identify 
gene(s) associated with a disease. The technique is described with respect to Angelman's 
disease; however, the technique is generally applicable to other diseases. 
[0212] Angelman's disease (AD) is characterized by deletions on the long arm of 
chromosome 15 (15qll-ql3) (Williams et al. Am. J. Med. Genet. 32:339-345 (1989) 
hereby incorporated by reference). The symptoms of the disease include developmental 
delay, seizures, inappropriate laughter and ataxic movements. These symptoms suggest 
that the disorder is a neurologic deficiency. This example illustrates how ESTs may be 
used in identifying the defective gene or genes associated with Angelman's Disease. (The 
example is based on analogous work with genomic DNA, rather than cDNA and ESTs, in 
identifying the genetic defect associated with Angelman's Disease.) This example is 
generally applicable to the use of how EST sequences may generally be used for 
identifying gene sequences associated with an inherited disease that is mapped to a 
chromosome location. 

[0213] ESTs are screened using techniques described in Example 3 and Example 5 to 
identify those ESTs that localize to the long arm of chromosome 15 and preferably localize 
to chromosome 15 bands 15qll-ql3 from normal patients. ESTs that bind to the long arm 
of chromosome 15 are hybridized to chromosome 15 from AD patients. These studies are 
preferably performed using either fluorescence in situ hybridization or using somatic cell 
hybrids that contain fragments from the long arm of chromosome 15 from AD patients. 

AO 



Those chromosome 15-specific ESTs that do not map to chromosome 15 from AD patients 
are useful as markers for Angelman's Disease and can be incorporated into diagnostics for 
genetic screening. These ESTs are associated with chromosome deletions present in 
Angelman's disease. Identification of the gene associated with these AD negative ESTs 
and an analysis of the-polypeptides encoded by the genes from normal patients is essential 
for providing gene, or other therapies for AD patients. 

[0214] Genetic diseases are not always accompanied by gene deletions. Therefore, it is 
also important to use the ESTs that bind to bands 15ql l-ql3 from AD patients as tools to 
identify the polymorphisms present within the disease population. Restriction fragment 
length polymorphism (RFLP) analysis can be performed on patient cells from AD disease 
or from somatic cell hybrids created using the long arm of chromosome 15. For a review 
of RFLP techniques see Donis-Keller et al. (Cell, 51:319-337 (1987) hereby incorporated 
by reference). DNA is isolated from the somatic cell lines or from cells from AD patients. 
The DNA is digested with one or more restriction enzymes according to techniques of 
Donis-Keller et al. The resulting fragments are separated by gel electrophoresis, 
denatured, transferred to nitrocellulose and hybridized with the selected radiolabeled ESTs 
that localize to the region of interest. The autoradiographic pattern is compared both to a 
number of AD patients and to normal patients. Common patterns of EST hybridization in 
AD patients that are not present in normal patients indicates that the genes associated with 
these ESTs are candidate genes affected by AD. 

[0215] cDNA libraries are prepared from the somatic cell hybrids from AD patients. 
Libraries are prepared using Lambda Zap II Library Kits (Stratagene, La Jolla, California) 
or other commercially available library kits. The ESTs of interest are used as probes to 
identify those colonies carrying genes corresponding to the EST probes. Positive clones 
are sequenced and the sequences are compared to homologous gene sequences derived 
from normal patients. 

[0216] Alterations, including deletions and substitutions, within gene sequences, 
associated with bands 15ql lq-13, are thus positively identified and associated with AD 
disease. Wagstaff et al. were able to identify deletions and substitutions in sequences 
encoding the GABA receptor protein subunit from patients with Angelman's disease (Am. 
J. Hum. Genet. 49:330-337, (1991)). It is likely that other genes will additionally be 
associated with the disease. 



EXAMPLE 19 

Preparation and Use of Antisense Oligonucleotides 
[0217] Antisense RNA molecules are known to be useful for regulating translation 
within the cell. Antisense RNA molecules can be produced from EST sequences or from 
the corresponding gene sequences. These antisense molecules can be used as diagnostic 
probes to determine whether or not a particular gene is expressed in a cell. Similarly, the 
antisense molecules can be used as a therapeutic to regulate gene expression once the EST 
is associated with a particular disease (see Example 18). 

[0218] The antisense molecules are obtained from a nucleotide sequence by reversing 
the orientation of the coding region with regard to the promoter. Thus, the antisense RNA 
is complementary to the corresponding mRNA. For a review of antisense design see 
Green et al., Ann. Rev. Biochem. 55:569-597 (1986), which is hereby incorporated by 
reference. The antisense sequences can contain modified sugar phosphate backbones to 
increase stability and make them less sensitive to RNase activity. Examples of the 
modifications are described by Rossi et al., Pharmacol. Ther. 50(2):245-254, (1991). 
[0219] Antisense molecules are introduced into cells that express the gene 
corresponding to the EST of interest in culture. In a preferred application of this invention, 
the polypeptide encoded by the gene is first identified, so that the effectiveness of 
antisense inhibition on translation can be monitored using techniques that include but are 
not limited to antibody-mediated tests such as RIAs and ELISA, functional assays, or 
radiolabelling. The antisense molecule is introduced into the cells by diffusion or by 
transfection procedures known in the art. The molecules are introduced onto cell samples 

at a number of different concentrations preferably between lxlO" 10 M to IxlO'^M. Once 
the minimum concentration that can adequately control translation is identified, the 
optimized dose is translated into a dosage suitable for use in vivo. For example, an 
inhibiting concentration in culture of lxlO'^M translates into a dose of approximately 0.6 
mg/kg body weight. Levels of oligonucleotide approaching 100 mg/kg body weight or 
higher may be possible after testing the toxicity of the oligonucleotide in laboratory 
animals. 

[0220] The antisense molecules can be introduced into the body as an oligonucleotide, 
an oligonucleotide encapsulated in lipid, oligonucleotide sequence encapsidated by viral 
protein, or (as oligonucleotide contained in an expression vector such as those described in 
Example 21). The antisense oligonucleotide is preferably introduced into the vertebrate by 

£ A 



injection. It is additionally contemplated that cells from the vertebrate are removed, 
treated with the antisense oligonucleotide, and reintroduced into the vertebrate. It is 
further contemplated that the antisense oligonucleotide sequence is incorporated into a 
ribozyme sequence to enable the antisense to bind and cleave its target. For technical 
applications of ribozyme and antisense oligonucleotides see Rossi et aL 

EXAMPLE 20 

Preparation and use of Triple Helix Probes 
[0221] Triple helix oligonucleotides are used to inhibit transcription from a genome. 
They are particularly useful for studying alterations in cell activity as it is associated with a 
particular gene. The EST sequences or complete sequences of the present invention or, 
more preferably, a portion of those sequences, can be used to inhibit gene expression in 
individuals having diseases associated with a particular gene. Similarly, a portion of the 
EST or corresponding gene sequence can be used to study the effect of inhibiting 
transcription of a particular gene within a cell. Traditionally, homopurine sequences were 
considered the most useful. However, homopyrimidine sequences can also inhibit gene 
expression. Thus, both types of sequences from either the EST or from the gene 
corresponding to the EST are contemplated within the scope of this invention. 
Homopyrimidine oligonucleotides bind to the major groove at 
homopurine:homopyrimidine sequences. As an example, 10-mer to 20-mer 
homopyrimidine sequences from the ESTs can be used to inhibit expression from 
homopurine sequences. Several of the EST sequences contain homopyrimidine 15-mers. 
Moreover the natural (beta) anomers of the oligonucleotide units can be replaced with 
alpha anomers to render the oligonucleotide more resistant to nucleases. Further, an 
intercalating agent such as ethidium bromide, or the like, can be attached to the 3' end of 
the alpha oligonucleotide to stabilize the triple helix. For background information on the 
generation of oligonucleotides suitable for triple helix formation. (See Griffin et aL, 
Science, 245 :967-971 (1989), which is hereby incorporated by this reference). 
[0222] The oligonucleotides may be prepared on an oligonucleotide synthesizer or they 
may be purchased commercially from a company specializing in custom oligonucleotide 
synthesis. The sequences are introduced into cells in culture using techniques known in 
the art that include but are not limited to calcium phosphate precipitation, DEAE-Dextran, 
electroporation, liposome-mediated transfection or native uptake. Treated cells are 
monitored for altered cell function. These cell functions are predicted based upon the 



homologies of the gene, corresponding to the EST from which the oligonucleotide was 
derived, with known genes sequences - that have been associated with a particular 
function. The cell functions can also be predicted based on the presence of abnormal 
physiologies within cells derived from individuals with a particular inherited disease, 
particularly when the EST is associated with the disease using techniques described in this 
example. 

EXAMPLE 21 

Gene expression from DNA Sequences Corresponding to ESTs 
[0223] A gene sequence of the present invention coding for all or part of a human gene 
product is introduced into an expression vector using conventional technology. 
(Techniques to transfer cloned sequences into expression vectors that direct protein 
translation in mammalian, yeast, insect or bacterial expression systems are well known in 
the art.) Commercially available vectors and expression systems are available from a 
variety of suppliers including Stratagene (La Jolla, California), Promega (Madison, 
Wisconsin), and Invitrogen (San Diego, California). If desired, to enhance expression and 
facilitate proper protein folding, the codon context and codon pairing of the sequence may 
be optimized for the particular expression organism, as explained by Hatfield, et aL, U.S. 
Patent No. 5,082,767, incorporated herein by this reference. 

[0224] The following is provided as one exemplary method to generate polypeptide(s) 
from cloned cDNA sequence(s) which include the coding region for the peptide of interest 
and which cDNA sequences are obtained by use of an EST of the present invention, as 
hereinabove described. If the cDNA lacks a poly A sequence, this sequence can be added 
to the construct by, for example, splicing out the poly A sequence from pSG5 (Stratagene) 
using Bgl l and Sai l restriction endonuclease enzymes and incorporating it into the 
mammalian expression vector pXTl (Stratagene). pXTl contains the LTRs and a portion 
of the gag gene from Moloney Murine Leukemia Virus. The position of the LTRs in the 
construct allow efficient stable transfection. The vector includes the Herpes Simplex 
thymidine kinase promoter and the selectable neomycin gene. The cDNA is obtained by 
PCR from the bacterial vector using oligonucleotide primers complementary to the cDNA 
and containing restriction endonuclease sequences for Pst I incorporated into the 5' primer 
and BglH at the 5' end of the corresponding cDNA 3' primer, taking care to ensure that the 
cDNA is positioned such that its followed with the poly A sequence. The purified 
fragment obtained from the resulting PCR reaction is digested with Pst I, blunt ended with 



an exonuclease, digested with Bgttl, purified and ligated to pXTl, now containing a poly 
A sequence and digested BgH I. 

[0225] The ligated product is transfected into mouse NIH 3T3 cells using Lipofectin 
(Life Technologies, Inc., Grand Island, New York) under conditions outlined in the 
product specification. Positive transfectants are selected after growing the transfected cells 
in 600 ug/ml G418 (Sigma, St. Louis, Missouri). The protein is preferably released into 
the supernatant. However if the protein has membrane binding domains, the protein may 
additionally be retained within the cell or expression may be restricted to the cell surface. 
[0226] Since it may be necessary to purify and locate the transfected product, synthetic 
15-mer peptides synthesized from the predicted cDNA sequence are injected into mice to 
generate antibody to the polypeptide encoded by the cDNA. 

[0227] If antibody production is not possible, the cDNA sequence is additionally 
incorporated into eukaryotic expression vectors and expressed as a chimeric with, for 
example, B-globin. Antibody to B-globin is used to purify the chimeric. Corresponding 
protease cleavage sites engineered between the B-globin gene and the cDNA are then used 
to separate the two polypeptide fragments from one another after translation. One useful 
expression vector for generating B-globin chimerics is pSG5 (Stratagene). This vector 
encodes rabbit B-globin. Intron II of the rabbit B-globin gene facilitates splicing of the 
expressed transcript, and the polyadenylation signal incorporated into the construct 
increases the level of expression. These techniques as described are well known to those 
skilled in the art of molecular biology. Standard methods are published in methods texts 
such as Davis et al. and many of the methods are available from the technical assistance 
representatives from Stratagene, Life Technologies, Inc., or Promega. Polypeptide may 
additionally be produced from either construct using in vitro translation systems such as In 
vitro ExpressTM Translation Kit (Stratagene). 

EXAMPLE 22 

Production of an Antibody to a Human Protein 
[0228] Substantially pure protein or polypeptide is isolated from the transfected or 
transformed cells as described in Example 21. The protein can also be produced in a 
recombinant prokaryotic expression system, such as E. coli, or can by chemically 
synthesized. Concentration of protein in the final preparation is adjusted, for example, by 



concentration on an Arnicon filter device, to the level of a few micrograms/ml. 
Monoclonal or polyclonal antibody to the protein can then be prepared as follows: 

Monoclonal Antibody Production by Hybridoma Fusion 

[0229] Monoclonal antibody to epitopes of any of the peptides identified and isolated as 
described can be prepared from murine hybridomas according to the classical method of 
Kohler, G. and Milstein, C, Nature, 256:495 (1975) or modifications of the methods 
thereof. Briefly, a mouse is repetitively inoculated with a few micrograms of the selected 
protein over a period of a few weeks. The mouse is then sacrificed, and the antibody 
producing cells of the spleen isolated. The spleen cells are fused by means of polyethylene 
glycol with mouse myeloma cells, and the excess unfused cells destroyed by growth of the 
system on selective media comprising aminopterin (HAT media). The successfully fused 
cells are diluted and aliquots of the dilution placed in wells of a microtiter plate where 
growth of the culture is continued. Antibody-producing clones are identified by detection 
of antibody in the supernatant fluid of the wells by immunoassay procedures, such as 
ELISA, as originally described by Engvall, E., Meth. Enzymol., 70:419 (1980), and 
modified methods thereof. Selected positive clones can be expanded and their monoclonal 
antibody product harvested for use. Detailed procedures for monoclonal antibody 
production are described in Davis, L. et al. Basic Methods in Molecular Biology Elsevier, 
New York. Section 21-2. 

Polyclonal Antibody Production by Immunization 

[0230] Polyclonal antiserum containing antibodies to heterogenous epitopes of a single 
protein can be prepared by immunizing suitable animals with the expressed protein 
described above, which can be unmodified or modified to enhance immunogenicity. 
Effective polyclonal antibody production is affected by many factors related both to the 
antigen and the host species. For example, small molecules tend to be less immunogenic 
than other and may require the use of carriers and adjuvant. Also, host animals vary in 
response to site of inoculations and dose, with both inadequate or excessive doses of 
antigen resulting in low titer antisera. Small doses (ng level) of antigen administered at 
multiple intradermal sites appear to be most reliable. An effective immunization protocol 
for rabbits can be found in Vaitukaitis, J. et al. J. Clin. Endocrinol. Metab. 33:988-991 
(1971). 



[0231] Booster injections can be given at regular intervals, and antiserum harvested 
when antibody titer thereof, as determined semi-quantitatively, for example, by double 
immunodiffusion in agar against known concentrations of the antigen, begins to fall. See, 
for example, Ouchterlony, 0. Et. al., Chap. 19 in: Handbook of Experimental Immunology 
D. Wier (ed) Blackwell (1973). Plateau concentration of antibody is usually in the range 
of 0.1 to 0.2 mg/ml of serum (about 12 //M). Affinity of the antisera for the antigen is 
determined by preparing competitive binding curves, as described, for example, by Fisher, 
D. , Chap. 42 in: Manual of Clinical Immunology, 2d Ed. (Rose and Friedman, eds.) Amer. 
Soc. For Microbiology, Washington, D.C. (1980). 

[0232] Antibody preparations prepared according to either protocol are useful in 
quantitative immunoassays which determine concentrations of antigen-bearing substances 
in biological samples; they are also used semi-quantitatively or qualitatively to identify the 
presence of antigen in a biological sample. 

EXAMPLE 23 

Identification of Tissue Types or Cell Species by Means of Labeled 
Tissue Specific Antibodies 
[0233] Identification of specific tissues is accomplished by the visualization of tissue 
specific antigens by means of antibody preparations according to Example 22 which are 
conjugated, directly or indirectly to a detectable marker. Selected labeled antibody species 
bind to their specific antigen binding partner in tissue sections, cell suspensions, or in 
extracts of soluble proteins from a tissue sample to provide a pattern for qualitative or 
semi-qualitative interpretation. 

[0234] Antisera for these procedures must have a potency exceeding that of the native 
preparation, and for that reason, antibodies are concentrated to a mg/ml level by isolation 
of the gamma globulin fraction, for example, by ion-exchange chromatography or by 
ammonium sulfate fractionation. Also, to provide the most specific antisera, unwanted 
antibodies, for example to common proteins, must be removed from the gamma globulin 
fraction, for example by means, of insoluble immunoabsorbents, before the antibodies are 
labeled with the marker. Either monoclonal or heterologous antisera is suitable for either 
procedure. 

Immunohistochemical Techniques 



[0235] Purified, high-titer antibodies, prepared as described above, are conjugated to a 
detectable marker, as described, for example, by Fudenberg, H., Chap. 26 in: Basic & 
Clinical Immunology, 3rd Ed. Lange, Los Altos, California (1980) or Rose, N. et al., Chap. 
12 in: Methods in Immunodiagnosis, 2d Ed. John Wiley & Sons, New York (1980). 
[0236] A fluorescent marker, either fluorescein or rhodamine, is preferred, but 
antibodies can also be labeled with an enzyme that supports a color producing reaction 
with a substrate, such as horseradish peroxidase. Markers can be added to tissue-bound 
antibody in a second step, as described below. Alternatively, the specific antitissue 
antibodies can be labeled with ferritin or other electron dense particles, and localization of 
the ferritin coupled antigen-antibody complexes achieved by means of an electron 
microscope. In yet another approach, the antibodies are radiolabeled, with, for example 

125 I, and detected by overlaying the antibody treated preparation with photographic 
emulsion. 

[0237] Preparations to carry out the procedures can comprise monoclonal or polyclonal 
antibodies to a single gene copy or protein, identified as specific to a tissue type, for 
example, brain tissue, or antibody preparations to several antigenically distinct tissue 
specific antigens can be used in panels, independently or in mixtures, as required. 
[0238] Tissue sections and cell suspensions are prepared for immunohistochemical 
examination according to common histological techniques. Multiple cryostat sections 
(about 4 pm, unfixed) of the unknown tissue and known control, are mounted and each 
slide covered with different dilutions of the antibody preparation. Sections of known and 
unknown tissues should also be treated with preparations to provide a positive control, a 
negative control, for example, pre-immune sera, and a control for non-specific staining, for 
example, buffer. 

[0239] Treated sections are incubated in a humid chamber for 30 mm at room 
temperature, rinsed, then washed in buffer for 30-45 min. Excess fluid is blotted away, and 
the marker developed. 

[0240] If the tissue specific antibody was not labeled in the first incubation, it can be 
labeled at this time in a second antibody-antibody reaction, for example, by adding 
fluorescein- or enzyme-conjugated antibody against the immunoglobulin class of the 
antiserum-producing species, for example, fluorescein labeled antibody to mouse IgG. 
Such labeled sera are commercially available. 
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[0241] The antigen found in the tissues by the above procedure can be quantified by 
measuring the intensity of color or fluorescence on the tissue section, and calibrating that 
signal using appropriate standards. 

Identification of Tissue Specific Soluble Proteins 

[0242] The visualization of tissue specific proteins and identification of unknown 
tissues from that procedure is carried out using the labeled antibody reagents and detection 
strategy as described for immunohistochemistry; however the sample is prepared 
according to an electrophoretic technique to distribute the proteins extracted from the 
tissue in an orderly array on the basis of molecular weight for detection. 
[0243] A tissue sample is homogenized using a Virtis apparatus; cell suspensions are 
disrupted by Dounce homogenization or osmotic lysis, using detergents in either case as 
required to disrupt cell membranes, as is the practice in the art. Insoluble cell components 
slich as nuclei, microsomes, and membrane fragments are removed by ultracentrifugation, 
and the soluble protein-containing fraction concentrated if necessary and reserved for 
analysis. 

[0244] A sample of the soluble protein solution is resolved into individual protein 
species by conventional SDS polyacrylamide electrophoresis as described, for example, by 
Davis, L. et al. , Section 19-2 in: Basic Methods in Molecular Biology (P. Leder, ed), 
Elsevier, New York (1986), using a range of amounts of polyacrylamide in a set of gels to 
resolve the entire molecular weight range of proteins to be detected in the sample. A size 
marker is run in parallel for purposes of estimating molecular weights of the constituent 
proteins. Sample size for analysis is a convenient volume of from 5-50 /xl, and containing 
from about 1 to 100 fig protein. An aliquot of each of the resolved proteins is transferred 
by blotting to a nitrocellulose filter paper, a process that maintains the pattern of 
resolution. Multiple copies are prepared. The procedure, known as Western Blot Analysis, 
is well described in Davis, L. et al., ( supra at Section 19-3). One set of nitrocellulose blots 
is stained with Coomassie Blue dye to visualize the entire set of proteins for comparison 
with the antibody bound proteins. The remaining nitrocellulose filters are then incubated 
with a solution of one or more specific antisera to tissue specific proteins. In this 
procedure, as in procedure A above, appropriate positive and negative sample and reagent 
controls are run. 
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[0245] In either procedure A or B, a detectable label can be attached to the primary 
tissue antigen-primary antibody complex according to various strategies and permutations 
thereof. In a straightforward approach, the primary specific antibody can be labeled; 
alternatively, the unlabeled complex can be bound by a labeled secondary anti-IgG 
antibody. In other approaches, either the primary or secondary antibody is conjugated to a 
biotin molecule, which can, in a subsequent step, bind an avidin conjugated marker. 
According to yet another strategy, enzyme labeled or radioactive protein A, which has the 
property of binding to any IgG, is bound in a final step to either the pritary or secondary 
antibody. 

[0246] The visualization of tissue specific antigen binding at levels above those seen in 
control tissues to one or more tissue specific antibodies, prepared from the gene sequences 
identified from EST sequences, can identify tissues of unknown origin, for example, 
forensic samples, or differentiated tumor tissue that has metastasized to foreign bodily 
sites. 

EXAMPLE 24 

Identification of Tissue Types or Cell Species by Means of 
Labeled In Situ Hybridization 
[0247] The ESTs, full or partial coding length DNA sequences obtainable from the 
deposited material and unique DNA fragments of the DNA sequences which are 
nonoverlapping or fully or partially overlapping with the ESTs can be used in in situ 
hybridization diagnostic assay protocols for the deprotection of genetic anomalies or 
diseases, such as for example Huntington's Chorea. The level of detection sensitivity 
currently available in the in situ hybridization field using known labeling systems is as low 
as a single DNA copy in a single cell. 

[0248] Cells from a patient whose tissue is to be analyzed are deposited either as tissue 
sections or as single cell suspensions on a solid support such as a glass slide and then fixed 
with a fixative that provides the best spatial resolution of the cells and the optimal 
hybridization efficiency. After fixation, the support bound cells can be dehydrated and 
stored at room temperature or the hybridization procedure can be carried out immediately. 
[0249] The hybridization step uses, for example, an EST characteristic of the DNA 
sequence whose absence is associated with Huntington's chorea or involuntary tremor. 
Thus, the ESTs or other DNA sequence of the invention are used as a probe when 
appropriately labeled with an isotopic or nonisotopic label and placed in a hybridization 
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solution containing prepared, for example, of concentrated SSC solution (lx = 0.15M 
sodium chloride and 0.0 15M sodium citrate), a buffer such as 0.1M sodium phosphate (pH 
7.4), approximately 100 micrograms/milliliter of a nonspecific low molecular weight DNA 
to diminish nonspecific binding, a detergent such as 0.1% Triton X-100 to facilitate probe 
entry into the cells and about 10-20mM of vanadyl ribonucleoside complexes. 
[0250] The hybridization solution containing the probe is pipetted or otherwise 
deposited onto the slide in an amount sufficient to cover the cells. The cells are then 
incubated at, for example, 55 degrees C for at least about 30 minutes. The probe is added 
at a high concentration, e.g., at least about 1 microgram/milliliter of hybridization mixture 
in order to give optimal results in the shortest time frame. 

[0251] The ESTs can be directly labeled prior to addition to the hybridization solution 
or a secondary hybridization of the present invention between the sought for target DNA 
sequence having a label thereon can be used to "sandwiched" the DNA or RNA where 
present and the secondary label probe. Such detectable labels are well known and include, 
for example, enzymes, enzyme substrates, coenzymes and enzyme inhibitors; 
chromophors, luminesce, luminophors such as chemilluminescers and bioluminescers; 
specifically bindable ligands; andisotopic ionic labels. 

[0252] The hybridization of solution and inbound probe are washed from the slides and 
the specimens are analyzed by observation of cytomorphology as compared to fresh, 
untreated cells using a phase contrast microscope. 

[0253] There are many methods available to hybridize labeled probes in solution to 
nucleic acids immobilized on slides. These methods differ in the following respects: 
[0254] Solvent and temperature used (e.g., 68 degrees C in aqueous solution or 42 
degrees C in 50% formamide); 

[0255] Volume of solvent and length of hybridization (large volumes for periods as 

long as 3 days or minimal volumes for times as short as 4 hours); 

[0256] Degree and method of agitation (continuous shaking or stationary); 

[0257] Use of agents such as Denhardt's reagent to block the non-specific attachment of 

the probe to the surface of the solid matrix; 

[0258] Concentration of the labeled probe and its specific activity; 
[0259] Use of compounds, such as dextran sulfate (Wahl et al. 1979) or polyethylene 
glycol (Renz and Kurz 1984; Amasino 1986), that increase the rate of reassociation of 
nucleic acids; and 

[0260] Stringency of washing following the hybridization. 

HI. 



[0261] Factors modified using conventional levels of skill include: 
[0262] The smaller the volume of hybridization solution, the better. In small volumes 
of solution, the kinetics of nucleic acid reassociation are faster and the amount of probe 
needed can be reduced so that the DNA on the slide acts as the driver for the reaction. 
However, it is essential that sufficient liquid be present for the sample to remain covered at 
all times by a film of the hybridization solution. 

[0263] Continual movement of the probe solution across the filter is unnecessary, even 
for a reaction driven by the DNA immobilized on the slide. However, if a large number of 
slides are hybridized simultaneously, agitation or mechanical separation is advisable to 
prevent the slides from adhering to one another. 

[0264] Several different types of agents can be used to block the nonspecific attachment 
of the probe to the surface of the slide. These include Denhardt's reagent (Denhardt 1966), 
heparin, and nonfat dried milk (Johnson et al. 1984). Frequently, these agents are used in 
combination with denatured, fragmented salmon sperm or yeast DNA and detergents such 
as SDS. Virtually complete suppression of background hybridization is obtained by 
prehybridizing with a blocking agent consisting of 5 x Denhardt's reagent, 0.5% SDS, and 
100 /xg/ml denatured, fragmented DNA. This mixture is particularly desirable whenever 
the signal-to-noise ratio is expected to be low, for example, when carrying out Northern 
analysis of low-abundance mRNAs or Southern hybridizations with single-copy sequences 
of mammalian DNA. 

[0265] To maximize the rate of annealing of the probe with its target, hybridizations are 
usually carried out in solutions of high ionic strength (6 x SSC or 6 x SSPE) at a 
temperature that is 20-25 degrees C below the melting temperature (T m ). Both solutions 

work equally well when hybridization is carried out in aqueous solvents. However, 
formamide is included in the hybridization buffer, 6XSSPE is preferred because of its 
greater buffering power. 

[0266] In general, the washing conditions should be as stringent as possible (i.e., a 
combination of temperature and salt concentration should be chosen that is approximately 
12-20 degrees C below the calculated T m of the hybrid under study). The temperature and 

salt conditions can often be determined empirically in preliminary experiments in which 
samples of genomic DNA immobilized on filters are hybridized to the probe of interest and 
then washed under conditions of different stringencies. 
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[0267] To minimize background problems, it is best to hybridize for the shortest 
possible time using the minimum amount of probe. For Southern hybridization of 
mammalian genomic DNA where each specimen to be tested contains 10 jug of DNA, 10- 

20 ng/ml radiolabeled probe (sp. act. = 10 9 cpm//xg or greater) should be used and 
hybridization should be carried out for 12-16 hours at 68 degrees C in aqueous solution or 
for 24 hours at 42 degrees C in 50% formamide. For Southern hybridization of fragments 
of cloned DNA where each band of the restriction digest contains 10 ng of DNA or more, 
much less probe is required. Typically, hybridization is carried out for 6-8 hours using 1-2 
ng/ml radiolabeled probe (sp. act. = 109 cpm//xg or greater). 

[0268] Table 2 is provided on CD-R, hereby incorporated by reference herein. 

[0269] While the present invention has been described in some detail for purposes of 
clarity and understanding, one skilled in the art will appreciate that various changes in 
form and detail can be made without departing from the true scope of the invention. It will 
be clear that the invention may be practiced otherwise than as particularly described in the 
foregoing description and examples. Numerous modifications and variations of the present 
invention are possible in light of the above teachings and, therefore, are within the scope of 
the appended claims. 

[0270] The entire contents of all references cited above are hereby incorporated by reference, as is 
the sequence listing and Table 2 submitted herewith.The entire disclosure of all publications (including 
patents, patent applications, journal articles, laboratory manuals, books, or other documents) cited herein 
are hereby incorporated by reference. Further, each of the Tables and Sequence Listings submitted 
herewith or with any of the U.S. Applications for patent to which the present application claims 
benefit of priority, whether in computer, microfiche, paper, and/or CD-R forms, is hereby 
incorporated by reference in its entirety. 
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